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INTRODUCTORY. 

Tbe seventh meeting, of the- Crops and Soils Wing of !\ 
Board. of. Agriculture and Animal Husbandry in India was in \ 
at Madras from the 7th to the 10th April, 1948 in' Rajaji Ha 
The inaugural session of the Wing on the 7th April was opened' 
by the Hon’ble Sri 0. P. Rama s warm Reddiar, Premier, Madras ' 
after a welcome speech by Sardar Bahadur Sir Datar Singh, V.C , 
I.C.A.R. After the inaugural session, the Wing split into seven 
sub-co mmi ttees to consider in detail the seven subjects on 
the agenda of the Wing. - The -meetings of the Committees wore 
held on the 7th and the morning of 8tli April. In the afternoon 
.on 8lh April, an excursion was arranged to Poondi, Reservoir and 
Research Station in which a good number, of members joined. 
;The plenary session of the Full Wing began on tbe 9th April and 
.finished its deliberations on the evening of the 10th. 



In inviting Ihe Hon’ble Sri 0. P. : Rama'swami' Reddiar, ■ Premier?? 
Madras to' open the proceedings of the seventh meetihg’of the Crops and 
;'5ils Wing of the Board of Agriculture and Animal’’ Husbandry in India, 
^r Da tar- Singh, the Chairman of the Board, said : 

: ' flon’ble Sliri Ramaswami 'Reddiar and Gentlemen, 


s c-i'i As Ciiairman it is a great pleasure for me to welcome you all to this 
i\‘f seventh meeting of the Crops and Soils Wing of the Board of Agri- 
\*’Jture and Animal Husbandry in India.’ According to the existing 
Convention,, the meetings of this Wing of the Board are held in alternate 
.years at the headquarters of the Government of India and at the head- 
quarters of a province or an Indian State. We met at Delhi on the last 
occasion and we arc meeting here this year. We are deeply beholden to 
die Government of Madras for having extended an invitation to us for 
holding this meeting here and for the excellent arrangements they have 
made for our stay and comfort. We are deeply grateful to you, Sir, for - 
having consented to inaugurate this meeting in spite of your multifarious 
duties and responsibilities. One of my predecessors in office described 
this Board as a sort of agricultural Parliament in India. I am, indeed, 
glad to have this opportunity of meeting the members of this August body r 
assembled here this morning from all parts of the country. I extend a warm 
welcome to the visitors and all other persons, and hope that they will 
tal:e part in the discussions of this meeting. For a number of members, 
—tills' will be their first meeting. I hope that the- opportunity which this 
meeting offers of contacting representatives of various parts of India will 
prove useful and stimulating to them. I will particularly welcome Dr. 
Taylor of the American Embassy. Dr. Taylor lias not been long in this 
country, but he has been talcing a keen interest in the development of agri- 
culture in India. 


Gentlemen, you are all aware that we are meeting under the shadow 
of a great national calamity that has befallen India. India has been 
orphaned by the cruel hand of death which took away from us Mahatma 
Gandhi, our great and beloved leader, nny of the whole World. It is 
known to you all that his interest was not in politics alone but he was 
equally vitally interested in the well-being of the rural population of 
India. He had striven throughout his life for their uplift in diverse direc- 
tions. The light that was illuminating the country ■ has gone out ’but 
,iiis memory will always be cherished by countless generations to come and 
his example will prove to be the beacon light in the path of the country 's 
progress, whether it may he in the political field or in the field of social 
and rural development. Our heart is laden with grief, but we have to do 
our duty as lie taught us. Before I proceed any further', I’ hope the'house 
will’ agree with me to pay respect- to his hallowed memory by passing the 
' following resolution : — 

“•The seventh meeting of t-lie Crops and Soils Wing o£>the Board 
of Agriculture and Animal Husbandry in India records its 
sense of deep grief and sorrow at the death of Mahatma 
Gandhi, the father of the Nation, the appostle of pence and 
amity and the source of strength to the rural millions of the 
country. 



The meeting resolves also that a copy of the resolution he forwarded to 
Sri Devdas Gandhi and Sri Paynrclal. I suggest that the resolution he 
passed by all of us standing and observing one minute’s silence. 

Geutlemcn, let us now resume our task. Those of you who had attend- 
ed Ihe last meeting of the Crops and Soils Wing will remember that the 
Government of India had invited Dr. fcfimhait, a member of the United 
States of America Soil Conservation Service, to advise the Government on 
soil-erosion and conservation. Then ue had also with us Dr. A. B. Stewart 
of the Macaulay Institute of Soil Research. Aberdeen, to advise Govern- 
ment on the conduct of field experimentation dealing with the problems of 
soil fertility and crop production with particular reference to manure. Both 
these experts toured the country extensively and discussed problems with 
Central, Provincial and local officers engaged in agricultural investigation. 
They have submitted valuable reports on their observations and these re- 
ports are at. the present moment under the consideration of ihe Govern- 
ment of India. In so far as soil-utilization and soil-conservation arc con- 
cerned, there is a proposal to constitute a permanent, organisation lo tackle 
these problems on a coordinated basis and decision is expected shortly. 
The recommendations contained in the reports of these expert*, have al- 
ready been brought to the notice of the provinces and constituent states. 
The idea is that these important problems should be tackled from an all 
India aspect, and if the organisation referred to above is set up, it will he 
possible to ensure this. A Teview of the work done on the maintenance of 
soil-fertility in India and suggestions for future linos of work with parti- 
cular reference to the effect of soil-fertility on the quality of crop produc- 
tion has been included in the agenda of this meeting I trust this will receive 
due consideration at the hands of the members nnd the Board will make 
suitable recommendations on the subject. 

• Since we met on Ihe last occasion, important changes have taken place 
in the political set-up of the country and these have created certain special 
agricultural problems of vital importance. Consideration of these prob- 
lems must receive the highest priority both from the Bonrd of Agriculture 
in India and the Governments of Provinces and States. By the political 
division of India into Pakistan and the Indian Dominion, the principal 
jute growing areas of Bengal and the long and medium staple cotton tracts 
of the Punjab and' Sind have been constituted into Pakistan. The result 
of these changes has been that India is faced with n serious shortage of 
jnte, long and medium staple cotton and food grains like wheat and paddy. 
The Central Commodity Committees concerned with jute, cotton nnd 
other commodities have already taken up the question of stepping up the 
production in order to meet the deficiencies. Several subjects which go 
to form the agenda of our meeting have an important bearing on the 
problems that have arisen from the partition of the country. 1 will 
earnestly invite you to tnke part in the discussion’ of these subjects' and 
contribute your valuable suggest ions for solving the difficulties now' facing 
India. 

From the Agenda of this meeting of the Board, you will note that 
attention is proposed to be given not only to agricultural research and in- 
vestigation but also to the important subjects of rural development and food 
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production. Measures for the increase of fodder production in the country 
are also down for consideration. I will specially invite your attention to 
subjects like the need for breeding crop varieties adapted to varying levels 
of soil fertility, cereal rusts and their control, and the fixation of short 
range and long range targets to maximise the production of food so as to 
make self-sufficient. 

Gentlemen, you are already aware that in the recent past there has 
been an unprecedented drive for production of more and better food in 
the country hut iu spite of all that has been done, we have hard]}’ - touched 
< the fringe of this vast problem. We have had to import food grains of 
the value of over one hundred crores of rupees annually during the past, 
few years. Not only that, but in order to sell the imported food grains 
at the rates prevailing in the country, the State has had to suffer a consi- 
derable loss every year. This state of affairs cannot be viewed any longer 
with equanimity by any lover of the country and I am sure that in your 
deliberations this vital fact will always be present before you. 

Another subject that should attract serious consideration is the review 
of the comparative merits of different methods of improved farming prac- 
tised in the country. During the recent past, a certain amount of discus- 
-sion has taken place ons cooperative farming, mixed farming, collective 
farming, consolidated farming and the like. However it is felt that the 
Board should afford an opportunity of a comprehensive discussion on this 
important subject and make practicable recommendations which may con- 
veniently be adopted bj r the various Provincial and State Governments to 
improve the yield of crops, bring more area under cultivation and to im- 
prove the economic condition of the cultivators. It is no doubt imperative 
that we must do our best to increase our production, and at the same time 
to preserve what we produce. 

Gentlemen, J would not detain you any longer from your important 
work. Before I close my remarks I would ask you to remember that you 
are the custodians of the future well-being of the rural masses and I hope 
that keeping this fact before you, you will come to decisions which will have 
a far reaching effect on the economic condition of rural population.^ T 
have now great pleasure in requesting you, Sir, to inaugurate the session. 
In doing so, I once more thank you and your colleagues on behalf of my- 
self and the members of the Bonrd as well as of the Government of India 
for the excellent hospitality that you have extended to all of us.” 

In opening the proceedings the Ilon’ble Shri 0. P. Ramaswami 
Rcddiar, Premier, Madras said : — 

“ Gentlemen, 

1 thank the President of the Indian Council of Agricultural Research 
for honouring me by asking me to inaugurate this Conference. On behalf 
of 'the Government of Madras I extend to the Indian Council of Agricul- 
tural Research a warm welcome to our Province. I hope the members 
would enjoy hospitality and be able to contribute much that would he of 
practical importance to the improvement of Agriculture in this Province 
and outside. 
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You all know that our country though predominantly an agricultural 
country is very much behind the other countries of the world in the matter 
of agricultural production. It is far behind the western countries in 
agricultural research and adyance and still move backward compared to 
countries like China and Japan.' The soil is the most important factor in 
agriculture. It is the gift of God to humanity. All that man can do is 
to see that the God-given soil is not depleted by erosion, exhaustion .and 
other causes. ’-.Jt has been, calculated that Nature is responsible for the 
provision of 95 per cent, of the requirements of plant life and all that men . 
can do is limited to 5 per cent., and' even in this limited sphere all that 
he does is to see that the humus is not lost and the soil is not carried away 
by erosion and apply of manure. Plants need 13 elements like nitrogen, 
potassium, calcium, manganese, iron, ete. There must be intense soil, 
survey all over the country. The survey must be not only on the top soil 
but also of the wealth that is found in the bowels of the earth. Research 
must bn directed towards finding out the materials that are deficient and 
supplying it to the soil. Research might also be directed towards finding 
out suitable crops for different soils. 

It will not be out of place here if I point out what is done in China 
and Japan in order to improve the fertility of the soil. In our country 
all human excreta is wasted. In China neither human faecal nor urinary 
mal ter is allowed to waste. It is used in liquid, solid and powdery states 
according to the irrigation facilities and condition of the soil. It has been 
calculated that each family gets about two rupees per head by selling its 
excreta of nearly 900 lbs. In India we pay for excreta being removed. 
Whereas in China householders are paid for allowing their excreta to- he 
carried away. You know in. the Madras City alone our vast underground 
drainage system carries away all useful manurial stuff to the sea. It. is 
calculated that by waste Madras City is losing Rs. 25 lakhs according to 
the pre-war values ; this will work t.o a crore of rupees according to the 
present day value of the manures. Jt is said that a Chinese farmer raises 
on half an acre of land encumber that is produced in 4 acres of ^and, in 
America. In addition to this, he also raises other crops in the same plot. 
Cultivation in Japan is so intense that the Japanese farmer pays individual 
alteration to almost each plant. Steps to infuse the same spirit into our 
agriculturists should be taken. 

1 cannot but mention at this Conference about the importance of the 
agriculturists and the shabby treatment that lie is receiving at the bands 
of the world. Our ancestors have stated even in the Upanislmds that, 
wafer is the lile giving power and food is that which gives the thinking 
faculty to man. It is only by concentration of thought that man is able 
to realize God. Knowledge prevadcs the whole world and some human 
beiugs attuned to the cosmic power in the world extract the secrets 1 of 
Nature and give it to the world. But they cannot do so unless they have 
food. This was very well demonstrated by a practical example by Udlialnka 
and Swetaketu mentioned in the Upanishads. That is why also even the 1 
Tamil literature mentions that the man who gives food gives life. For; 
producing food, the agriculturist needs land, water, cattle, seed and 
manure.. Ho needs the help of his fellow human-beings, of cattle, birds 
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and even inscuts. He gives his very life in order- to produce the food., on 
Which- all ol us thrive. Bui, every one else in the world, Labour, Capita- 
lists and middle classes are crying for security. The agriculturist alone 
l»as no security. lie is the play-tiling of all the blind forces of the world. 
Tie is at the mercy of the rains, of his fellow liuman-beiugs and what is 
it that we give him in return ? Do we give him any security 'i Does 
agriculturists get any protection or subsidy from Government as industry 
does ? Is there any assured water supply ? Is there any crop, cattle or 
f/uniiic insurance ? Does he get an assured market or price ? Has he 
got anything to look forward to ? It has been calculated that out of 72 
lakhs of Pattadars in the Madras Presidency, about 66 lakhs have only 
uneconomic holdings. Therefore these 66 lakhs of Pattadars all the time 
have no other idea than to struggle to find ways and means of making 
both ends meet. How can any one thrive or be able to think of higher 
filings while he has to wage his struggle for existence daily ? Have our 
scientists made all discoveries necessary to enable the agriculturist to 
carry on his agricultural operations with profit to himself and to others ? 
Have our Governments carried the knowledge which our scientists have 
extracted from Nature to the doors of the agriculturists ? Do they give 
them the necessary help to utilize those discoveries ? When are we going 
to have scientists like Burbank of California or Miclmrin of the Soviet 
Russia who working in the same field as Luther Burbank proved that under 
suitable conditions young hybrid seedings can be trained to develop any 
desired characteristics. Miclmrin took hardly wild plants from Siberia, 
Canada and various mountain regions and crossed them with delicate 
southern plants. The cross-breeds so obtained inherited all the hardi- 
hood of the wild flora. They resembled their delicate parents of the South 
in tastiness, brightness of colour’, largeness of fruit. Tie evolved 300 
valuable varieties of fruit. When are we going to have anything like the 
contribution of Soviet scientists in the matter of animal husbandry ? 
W 7 hen are we going to progress in matters like vernalization of seeds and 
artificial insemination of cattle ? 

We are astonished to hear that in the Kflravayevo State Dairy Farm 
the yield of milk in 1938 was 6.15 tons per cow from 251 cows, that one 
particular cow has yielded 9 tons of milk and another cow which was rear- 
ed on the same farm yielded 16.3 tonfc of milk during her sixth lactation. 

Our agriculturist has to suffer for anything that he needs. Every 
thing comes from the raw products, body, mind, intellect, wealth, enjoy 
mfent ; but the producer of the raw products has no opportunity to build 
up. his body or develop his mind and intellect or to accumulate wealth or 
enjoy anything <dn the world. How much effort does lie put forth in pro 
ducing the raw products ! But while the producers of raw products suffer 
the industrialists and manufacturers who only give a small change or turn 
to the primary products got all the best things in the world; It is on the 
labour of the agriculturist that you and T, all Governments, middle classes 
and industrialists are prospering. What are we going to give him back 
in return ? Have our Governments given any help to the agriculturists ? 
Do they give him the necessary credit facilities py agricultural implements 
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or manure or even do any research work and carry the results of the re- 
search work to him? The scientist must' come to the reseue of the agri-. 
culturist by making newer and newer discoveries and the Governments 
must help the agriculturists by taking those discoveries to the agricul- 
turists and also help him to utilize these new discoveries. "We must all 
pay attention to items of constructive work suggested by G andhiji and 
make the villages prosper. Let me hope that your efforts would succeed 
in bettering the lot of the agriculturists of this country.” 



7 
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AGENDA. 

1. fa) The need for breeding crop varieties adapted to varying levels 
of soil fertility and for special conditions of soil* and climate, 

.(b) Review of the work done on the maintenance of soil fertility in 
India with suggestions for future lines of work' with particular reference 
to the effect of soil fertility on the nutritive -quality, food & fodder of 
crops. 

2. The importance of root stocks in .tbe..standardisation of fruit tree 
material. 

3. Cereal rusts and their control. 

•I. Review of the comparative merits, of different' methods of improved 
farming practised in the country such as co-operative farming, collective 
farming, consolidated farming, joint management, consolidation of hold- 
ings, etc., with particular reference to improvement in the yield of crops 
and economic condition of cultivators. 

5. Consequent on the division of the country, to consider measures 
to he taken, from the short-range and long-range point of view to maximise 
the production of food particularly of cereals in India, so as to reduce her 
dependence on imports to the maximum extent .possible, and to suggest 
five-year targets of increase in such production for each unit of administra- 
tion comprising India. 

C. To review the measures adopted to increase the fodder production 
by : — 

(a) selection and preparation of perennial cultivated grasses, 

(b) improvements in rotational grazing,, and 

(e) exploration of new fodder crops in addition to improving the 
existing bncs. 

7. The rotation of crops which will give the best-results. in, an irriga- 
tion intensity from 3b to 70 acres out of 100 .acres. 
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SUBJECT No. I. 

(a) The neecl for breeding crop varieties adapted to levels of soil 

fertility and for special conditions of soil and climate. 

(b) Review of the work done on the maintenance of soil fertility 

in India with suggestions for future lines of work with 
particular reference to the effect of soil fertility on the 
quality of crop production, 

The proceedings of the sub-committee are contained in Appendix 
JNo. 1. 


In introducing the report Dr. Mukcrjec said that the above two sub- 
jects dealt with actually two different matters though they had been 
included under the same heading. The first dealt with the need for 
breeding crop varieties adapted to varying levels of soil fertility and 
for special conditions of soil and climate. This subject was of great im- 
portance. There was a chronic food shortage in the country, lint unlike 
Russia, where there was a vast expanse of potential arable land not yet 
brought under cultivation, the area of arable lands which had not actually 
been put under cultivation in India vas very limited. It was therefore 
necessary to get the maximum productivity from the soil. For this pur- 
pose it would be necessary to ensure : 


(i) that the variety of a particular crop which was grown in any 

region should he made to give the highest yield i.c., it should 
he adapted to the characteristics of the" soil and climatic 
conditions of that region, and 

(ii) that the productivity of the soil must be maintained at the 

highest possible level. It was necessary to breed crop varie- 
ties which were adapted to varying levels of soil fertility 
and to special conditions of soil and climate. 


It had been apparent to plant breeders that a crop variety which 
might do well in a soil of low fertility might not do so as well as in soils 
of high fertility. For instance, if 10 varieties of crops were taken and 
classified according to their performances on two soils having similar 
characteristics but differing in fertility, tile chances were that the order 
of classification might be found to have changed. 

In India the conditions of fanning were not much developed. There 
was not sufficiency of green manuring or fertilisers and the limitations 
from which the peasant suffered were povertv and want of resources It 
was necessary to ensure that the soil fertility was satisfactorily built up 
and maintained on a high level. The Committee took into consideration 
.Uese aspects and they recommended that the crop varieties should be 
breed first to fit m with the regions which could be distinguished on the 
basis of broad ^differences in soil and climate. Secondly, in a given soil 
typo since both conditions of average farming and high level farming 

thesl 1 1 000 ™’ tI r + ^' ee(Je L m, " llt dircct h « Neutron to breed plants to suit 
comh *' 0 ™- Ttoen again it was necessary to remember that the 
WPre i° + . Tle ?ro ; m , ll0th wldPY rained and irrigated conditions. 
T^ieeonimendations of the Committee w-r e based on the'e eonsidera- 
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The Committee also considered it to be necessary! to have an experi- 
mental .station in each type of regions. Then there should be sub-stations 
under it where crop breeding experiments should be carried out. Most 
of the provinces and States had district farms and other types of farms. 
These should be developed wherever possible so that this typo of work 
could he carried out satisfactorily. It was also necessary that adequate 
facilities in the matter of staff and equipment for the investigations should 
be provided. 

As regards Soil Survey the Committee had before it a hi -go number 
of notes from the members. On the Committee were represented both 
plant-breeders and soil workers from diffci'cnt pans of the country. The 
Committee discussed very thoroughly all aspects of the different points 
raised. Jt recommended the following rcsotiltion for (lie consideration 
of the Board : — 

(1) That the plant breeder should keep in view 
fa) that the variety had to be fitted. 

(i) to the different regions which could be distinguished on the 
basis of the considerations of broad differences in soil 
and climate and in particular to each soil tvpe ; 

fii) to rain fed and to irrigated conditions ; and 

(iii) to different levels of fertility as obtained under average 
uud high farming conditions : and 

(b) that the selected variety should also luu c power of resistance 
lo adverse conditions such ns drought, frost and pests 
and diseases. 

(2) That experimental stations should be established in each of 
the region mentioned above and arrangements should be made for test- 
ing varieties in selected sub-stations or farms in each such region. 

(3) That adequate facilities in staff and equipment should lie pro- 
vided for the investigations enumerated in item (1) (a) and (b) above 
as also for the necessary soil investigations, 

(-1 ) Thai rapid reconnaissance soil survey should he undertaken for 
each province and state. 

Rai Bahadur R. It. Sethi, Agricultural Commissioner with the 
Government of India, said thal Ihc recommendations made that varietal 
trials should be conducted at individual centres bad already been taken 
into consideration by the various Provinces unci they were already doing 
this work, lie desired, however, to draw attention to the ease of the 
sugarcane crop. In the beginning the sets were provided by the ex- 
perimental station at Coimbatore to various places. Ob.ieetions were 
raised against the selections of the sets made at Coimbatore. These 
were sent to TCarkal, Bihar and Shahjahaupur and they tried making 
selections at. local centres. lie himself carried out. this work at »Shah- 
jalianpur and be found that even after all the work bo did for 6 years, 
it was necessary to depend more on the sets obtained from Coimbatore 
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rather tbau the ones obtained locally or from elsewhere. The varieties 
available locally never gave anything better than that given by the 
Coimbatore ones. He could not say to what extent this work, on which 
so much stress had been laid would be justified. Too much stress should 
not also be laid on individualistic soil characteristics for evolving new 
varieties. If they were ever to produce varieties that could suit envi- 
ronmental conditions and other conditions it would be better to select 
varieties suited to definite soil areas and definite soil conditions. 

He drew attention to the following passage from, a note submitted 
by Mr. It, Balasuhramaniam of Madras. 

" A multiplicity of varieties must bo avoided as far as possible and 
the work concentrated on improvements in soil management rather than 
breeding varieties having limited adaptability. Otherwise maintenance 
and distribution of improved seeds of the large scale production of com- 
mercially uniform quality would become almost an impossible task. In 
regions where shifts in planting time or cropping systems can successfully 
counteract climatic varieties or disadvantages, they must he fully experi- 
mented with, before trying to fit in special varieties. 

In cotton, strains suitable for greater environmental diversity have 
Ixen built up for both irrigated and unirrigated conditions. A wider 
hybridization programme involving the use of varieties subjected to long 
special and ecological isolation is likely to yield the required variability 
for applying selection to achieve this end. The utilization of hybrid 
vigour will do a very large extent serve the same purpose, especially in 
self-fertilised crops producing a large number of seeds per fruit ”. 

It was therefore necessary to look out for varieties to suit the different 
range of environmental conditions. 

The other point was that the experimental stations in each region 
should be the centre of all experimental work on soils and crops pertain- 
ing to tlie regions and these stations should he used both by the Central 
and Provincial Agricultural Research Institutions in mutual co-operation. 
In the case of certain important crops like sugarcane or cotton, this sort 
of work was already being done. Taking the stations of the Provincial 
Governments say for cotton or sugarcane, Shahjalianpur, Mathura etc., 
they were already being used for this purpose and all the trials were 
being carried out in co-operation with the Central and Provincial autho- 
rities. There was therefore hardly any need for this sort of recommenda- 
tion. H<‘ agreed that the item of work recommended by Dr. A. B. Stewart 
was worth taking up and should he pursued. 

M. C. A. McLean, Commissioner of Agriculture, Bnro'da said that 
he was in agreement with Rai Bahadur Sethi. “Sir Albert Howard em- 
phasized that there should not be a multitude of varieties because too 
many varieties were apt to confuse the cultivator, and no variety should 
be pushed out that was not ten per cent, than the one that it was going 

to replace ” With a large number. of stations scattered all 

over India, producing a large number of varieties, {hr poor rvot would 
■ he flooded with au extensively large number of varieties with which he 
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would not know liow to deal. The proposal here was to put adaptabi- 
lity right at the end of the table. It was necessary to have a variety 
that would be adaptable to high and low fertility and to irrigated and 
nou-irrigated tracts. If the plant breeder was going to cater for an ex- 
tensively wide circle, the number of varieties that would suit these con- 
ditions would be large and would put a greater strain on him. 

lie cited the instance of a variety of wheat which had initially 
been obtained from Pusa in Bihar. This variety was growing under 
irrigated conditions in Baroda whereas it was grown under non-irrigated 
conditions at Sepaya in Bihar. He did not therefore approve of 
this multiplicity of stations working on a la^gp number of varie- 
ties. It had been stated that the varieties selected should be resistant to 
drought, frost, pests and diseases. One thing that every variety should 
have and which was not mentioned was good cooking quality and that 
was the most important consideration. Many years ago he was given, 
probably by late Dr. Shaw, some varieties of Arahar which were neatly 
labelled A, to K and he was asked to test them. He made the first test 
by giving them to some clerks and farm overseers. Some varieties pro- 
duced a good clhal but others produced a dhal which was not acceptable 
to the people and therefore the question of the cooking quality of varieties 
selected must be always kept in the foi*eground. As regards the question 
of establishing stations and sub-stations in the regions (presumably soil 
regions) there were 10 climatic and 21 soil regions at the present moment, 
and the discussion was rather anticipating the regionalization of research 
in India, which was a subject they would have to deal with separately. 
He agreed, however, that there should be a rapid soil survey. Such a) 
survey should be conducted as soon as possible. 

Dr. B. K. Mukerjee, Director. Central Sugarcane Station, 
Shahjalianpur, said that there was ranch force in the argument that there 
should not be a multiplicity of varieties as that would be too confusing 
to the cultivator. In certain cases however, it became necessary to adopt 
a different course of action. While agreeing with R. B. Sethi in what 
he liad said about the Coimbatore variety of Sugarcane, he desired to 
point out that the difficulty mentioned occurred about 10 years ago. 
For years Coimbatore 313 had been the most successful variety in Bihar. 
Similarlj*, Coimbatore 312 had been the principal sugarcane variety for 
the U.P. But after all these years of concentrated work on ihe part, 
of the Agronomists and plant Breeders it was found that todaj C0313 
was a curse to Bihar ; similarly, C0312 might be the same in U.P. No 
one would question the usefulness of the work done by that station but 
the point was that the varieties evolved at Coimbatore would not for 
all time suit Northern Indian conditions. It was therefore necessary 
to change the entire outlook of breeding of sugarcano in order perhaps 
to save the sugar industry of U.P. and Bihar from a serious crisis. 
There were slight difference, as far as he -knew, between, say the breeding 
of wheat and breeding of sugarcane. Now, in the Committee presided over 
“by Dr. ,T. N. Mulcerji they discussed all these things in great detail and 
spent a lot of time in framing these definite recommendations. While di$< 
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cussing those points they certainly laid a lot of stress oi\ the case of sugar- 
cane. Now the present method of evolving sugarcane varieties was based in- 
trinsically on bringing together all parents the progenies of which were 
calculated to ensure the desii*ed characteristics. But sugarcane was 
hytrozygous and the innumerable seedlings from individual flowers had 
individual characteristics and it was necessary to select at random a 
number of so-called varieties out of a large collection of seedlings. For 
this purpose the first necessity was to make a sort of visual selection 
and then the work might be continued for a number of years to find 
out the chemical and physiological characteristics of the varieties. 
That meant that for a long period they were to take a chance without 
knowing whether the whole tt’ork would lead to any-where. On the 
other hand, if t hey confined the breeding tt’ork to distinct soil-climatic- 
zoncs, there would be a greater chance of attaining success in a shorter 
period. There was another serious agronomical aspect which should 
also be considered. Importance was being laid on the application of 
more and more fertilisers but unless discreet and adequate use of ferti- 
lisers was made the object of maximising production could not be achiev- 
ed. Then it was necessary to ensure that such use would be economi- 
cal. No cultivator would toneh any fertiliser unless and until be found 
it to be paying. For one pound of nitrogen one particular variety 
might show much more response than another variety. Therefore it 
.would be shortening the whole course of varietal work if they kept in 
view from the very beginning the need for breeding crop varieties which 
Were calculated to give the highest out-turn per lb. of nitrogen added. 
Jn liis opinoin each soil tract within a particular climatic belt should 
form a unit for work on breeding and selection. Plants in a particular 
soil attain equilibrium tt’itli environmental condition. Therefore the suc- 
cess of obtaining the desired varieties by breeding would be much greater 
if the breeding work was actually done under local soil climatic con- 
ditions. 

Mr. M. Anantlian, Deputy Director of Agriculture, Madras said that, 
there were tracts containing different pockets which had soils oi 
different types and in the same farmer’s holdings there tvere fields nf 
high and low fertility. There should be scope for breeding, not only 
strains suitable for a very wide tract but within the tract, itself suitable 
for different pockets of soils of high and low fertility.' There might 
be selections from the same variety but the culture or the unit strains 
might have different capacities for yield. For instance, they found that 
some of the rice strains they had evolved in Madras did not stand very 
high manuring because disease broke out. There were eases where they 
had to select strains to stand up lo different, conditions of manuring 
or climatic or irrigations! features. They had grown nearly 1500 varie- 
ties in Madras and nearly 55 lakhs of acres of laud had been covered 
by about, 132 strains. That was a very small number when compared 
with the huge number of varieties that -were now under cultivation. 
This question of multiplicity was raised at every conference but so far 
they had not been able to provide cosmopolitan strain in any of the 
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-delta i,c. } cfcracb, -where controlled irrigation water was ’available. Coming 
to rain 'fed tracts a -dozen varieties were -being grown lo study the 
climatic aspect. -in the fields sueli -as the ’thickness of the soil, the level 
of tilt- soil aad the existence ot the moisture. All these conditions 
were there by nature and they found that there were hundreds of varie- 
■ties grown in the rain fed tracts. Coming to cotton he was not sure 
whether it had been possible to evolve a strain to suit all conditions, 
h’or instance, in the Tinnevelly District they had K1 quality which 
covered about 8,00,000 acres or so, but, they had not been able to push 
that K1 to the Eastern part of the tract, though every cultivator there 
knew that Ivl was a very good strain and had done well They had 
recently got a strain 4,306 which was now replacing the other cottons 
in the eastern tracts of the district. This cotton, though grown under 
dry rain fed conditions could, not be fitted in the northern or the eastern 
tracts of the district. There were special types of cotton. Of course, 
nobody would, ,1m happier than the plant breeder to have cosmopolitan 
strain but it would be generations before they' could think of that. There 
was another strain called Kambodia but it had not been a success. 
Even in cotton they had not come to that stage when they could say 
that there .was a strain that would stand everywhere and every climate. 

With .regard to the question of finding out strains tliut, could resist, 
diseases under low and high fertility they had to think of breeding 
disease resistant strains. In Madras they had evolved in a strain in 
Coimbatore called Iv4. ft was a variety grown in the round tract of 
Coimbatore. They were now trying to put the strain of K4 iuto all 
-strains." There was a strain in Tanjorc District which w-ns occupying 
about 4 lakhs of acres but unfortunately when blast disease appeared 
in an epidemic form that strain w'as unable to stand the disease. There 
were., at least two strains now that could be considered as immune to 
blast disease and they were multiplied. 


'* The Chairman said that the previous speaker*, Inn Lyd stress on 
fsvo aspects, one was the multiplicity of breed and the other was the 
^organisation and multiplication of regional stations ll would he 
/.better if the speakers could confine their remarks to these two aspect' 
' so that it might be possible to arrive at an early decision 


Mr. Cliavan, Deputy Director of Agriculture, Bombay said in re- 
gard to multiplication of centres they -had started with three centres or. 
rice alone in Bombay and at present there were fifteen centres It was 
not because they wanted to multiply the centres but it was a necessity. 
.They found that in rice tract then* was a great variation, rainfall vary- 
inn- from 40" to about 100". Taking all factors .into consideration they 
found that t be* three stations on which they were working were. not at all 
sufficient and hence they had to increase the- number.’ It was absolutely 
necessary to have all the -fifteen stations because the strain*} evolved at the 
main central station were not at all adequate to satisfy., other regions. 
L16ICAR 
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Sri Kalidas, Sawhncy, Director -of. Agriculture, -Hyderabad Dii. .said • 
that the recommendations made by the Committee were in no way re- 
volutionary or such as could be seriously objected to. One recom- 
mendation. was that Ihc varieties should be fitted to the different regions 
which could be distinguished on the basis of differences in soil and 
climate ; another recommendation was • about reducing varieties suited 
to rain-fed. and irrigated conditions and the third related to different 
levels of fertility, as obtained under average and other conditions. Tin* 
Committee had merely reiterated the practice that was already being 
followed by practically every plant breeder worth the name. If they 
took the case of rice for instance, it had boon pointed out that hundreds 
of varieties and types had been produced to suit different conditions, 
different areas, different soil types and differ* nt climatic condition^ 
There were medium, coarse, fine, early-maturing lypes, medium-maturing 
types and late varieties' and so on. There mignt be certain types re- 
sistant to different pests or diseases. In all crops like wheat, sugarcane, 
cotton etc., the plant, breeders had all 1 be lime been 1 lying to produce 
varieties suited to various types of soil, and climate or differently dis- 
tributed rainfall, or rain-fed conditions or irrigated conditions. It bad 
also been suggested that types lliat suited to different levels of fertility 
should lie produced as cultivators used different quantities and different 
qualities of manures. Therefore, there could be no serious objection 
to these recommendations. Perhaps too many strains bad been evolved 
and the plant breeder should be asked to exercise a little more the art of 
re jet t ion than the art of selection. 

Another recommendation made was that the selected varieties should 
be such as would be resistant to adverse conditions sncli as drought, frost 
and pests and diseases. Ever} 1- plant breeder was already paying full 
attention to this. As regards having a number of research stations, 
no hard and fast recommendations could be made by the Board. It 
should, however, be emphasized that sufficient facilities should be pro- 
vided in areas with definite differences of soil and elimatc for breeding 
work or for extending the breeding work to meet the requirements of 
those regions and climatic tracts. 


There should be a plant breeding station for rain-fed areas and 
another for irrigated areas. It might also be possible that at one of 
the stations facilities might exist for irrigation even if that station was 
located in a rain-fed area. In such cases no new stations need lie es- 
tablished. It was important to have provision of facilities for testing 
the types in different regions under cultivators’ conditions. . t S 


iih regard to the final reeomihendaf ion that a rapid reconnaissance 
soil survey should lie undertaken for each province and State the mX 
tiou was that most of the Agriculture Departments had done if already 
Tin, recommendation should he addreJd A?.;* 

so as yeL. Detailed sod survey would have to be done especially in areas 

whore -new projects were contemplated. ‘ 
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vttte said that they had to find out the limits under which a particular 
variety would do well or not. Experience had shown that a few varie- 
ties would do very well under certain conditions, but that the same 
varieties would be a failure in. some other places where poor varieties 
would do better. India was a laud with varying ranges of soil and 
climate. If. one thought of evolving a strain suited for all require- 
ments it would be an impossible task. As regards sujgarcanc they 
had already evolved nearly 500 varieties upto 1910 but there were not 
even a few varieties which suited all places. 


•Dr. Bal, Director, Institute of Plant Industry, Indore said that 
as regards multiplicity of varieties there were a number of crop-breed-, 
ers and Botanists on the committee to give guidance in regard to the 
work in different parts of the country. It has been stated that by 
starting these various soil and climatic region work, they were increas- 
ing the number of varieties. In his opinion they were actually re- 
ducing the number of varieties. If they took a crop like cotton, they 
Would find that in Bombay Presidency they lmd nine to teii varieties, 
in Madras 7 varieties, and about a dozen varieties or more in the Punjab, 
TJ.P. and other regions in addition to an equally large number of va- 
rieties of other important crops. If thc> limited the work on the basis 
.of tlie 21 soil and climatic zones mentioned in the note circulated and 
if the plant breeder could give varieties suited to these areas, the result 
would thus be to reduce the number of the existing varieties. The 
substations were not to undertake work of selections or breeding but 
were merely to try the varieties which were exolvod at. the main central 
Stations, in the crop climatic and soil zone. 


Dr. J. N. Mukcr ji said that the main difference of opinion seemed - 
io he as regards the question of multiplicity. As one speaker had point- 
• ed out they might have ultimately a much smaller number. On tlie 
other hand it x\ as quite possible that they might find that it was worth 
while on economic grounds to have a larger number, lie invited at- 
tention of the members to page 2, 2nd para, which read as follows: — - 

“ The. Committee recognize that the position max vary as regards 
different crops and in some cotton practical diffi- 

culties might be encountered : but the need for breeding 
varieti.es suited to high lex r cl farming conditions should 
not be lost sight of. In contrast to cotton, hoxxever, 
millets are less cosmopolitan and more conservative than 
other erops and here the need is nil the greater to fit 
the variety to the soil type ”. 

He said that the Committee noted th<* cireum.-uanccs that led to 
this point ; in some eases the practical difficulties might be more and 
iu some cases loss. They- came to an unanimous conclusion. 


As regards regional station it w&s recommended that “an experi- 
mental station should be located' in each" of the'' regions determined ^ 'Hr 
broad.' differences in' soils and climate”. India' Jntas a; vast country. r ThV 
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area under cultivation in the whole country was 1,000 million, acres. 
There were 21 regions. There were many parts where there were no. 
experimental stations. It could not be the intention that no experimental 
.station would be located tor instance in Bajputana. As regards estab- 
lishment of stations and sub-stations, the Committee ■ thought that- the 
stations should be located in recognized climate and soil regions wherein 
all work should be carried out and that it was necessary either in respect 
of scientific efficiency or economy, to multiply the stations. 

The Chairman said that the opinion of the house seemed to be that 
they should adopt these recommendations. The suggestion made by 
Mr. McLean, that the cooking qualities should be kept in view might be 
accepted. 


The following Resolutions suggested by the Committee, wei *2 then 
adopted by the Board:— ' .-j 

“(1) That the plant breeder should keep in view 

(a) that the variety has to be fitted 

(i) to the different regions which can be distinguished on the 

basis of considerations of broad differences in soil and 
climate and in particular 1o each soil type; 

(ii) to rain-fed and to irrigated conditions ; and 

(iii) to different levels of fertility as obtain under average and 

high farming conditions ; and 

(b) that the selected variety should also have power of resistance 
• to adverse conditions, such as. drought, frost and pests and 

diseases. 

(2) That experimental stations be established in each of the regions 
mentioned above and that arrangements be made also for testing vnrio- 
sary soil investigations, be provided. 

(3) That adequate facilities in staff and equipment for investjgn- 
tions enumerated in item (3) (a) and (b) above as also for the. neces- 
sary soil investigations, be provided. 

province InTstafc^ reconnnisSQ3ie ° soil survey, be undertaken for each 

Dr. Mnklicrjec then introduced tlie report on subject No l(b: T.. 
don's s „ l,e *»d a5 rowu . ds „, c o£ SwU 1 .L.ll 1 

ssra s ss LS 

in improving and mniutaining Bon^JrmV -ATauLr 1 ' 1 ^ 

** iopnmes in 
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fertility. That' was a question in which knowledge was lacking. It 
.was necessary to study indigenous and exotic legumes. There was scope 
for a large amouut of work for research in this respect. An attempt 
should be made to introduce legumes which would do well as green, 
manure,' fodder crop; catch crop or cover crop and to fit them Iti the 
different' 'soil regions and the crop systems. The influence of green 
manure on paddy had been found to be very good. Moreover there was 
a. gap of several months between the harvesting of one crop and the 
tuning of the. next one. There was thus room for fitting in legumes. 
The Committee reviewed all aspects and then laid down certain specific 
resolutions. During the course of discussions it was. mentioned that a. 
lai'ge amount of* sub-marginal lands was being put under cultivation. 
In the opinion of the Committee this was not desirable. 


The Committee was of the opinion that the suitability of land, for 
growing crops and trees or for pastures should be determined. Other- 
wise the soil would he lost by erosion. That was why it had been .recom- 
mended that a land use classification was necessary. It was now a. 
Universal practice to have a suitable legume, or legumes, in crop rotations 
and also for enriching the soil fertility. As regards artificials there was 
always controversy. The view was held that artificials definitely ruined' 
the soil. It. was however a* regular practice in Europe and America to 
have a dressing of PIC along with Ammonium Sulphate. Sufficient, 
quantity or organic manures was not available in this country. Green 
manures were good but the world was using something like 9 million 
tons of artificial fertilizers. In this country also the mis-uses of artifi- 
cial fertilizers were not unknown but it- was necessary' t.o examine thd 
results that were being obtained so that any risk in their use might be 
avoided. The Committee’s recommendations were based on the above 
considerations Dr. J.I\ . Basu, Soil Physicist, Bombay, said that al- 
though, he was in general' agreement with the resolutions drafted by the 
C'.mmittee. he. could not help feeling that there were some important 
omissions. The Committee, had thoroughly dealt with the subject of 
manurial schedules for the maintenance of soil fertilitv, but amongst 
the aspects left out. one was- the tillage operation which was one of the 
important- operations required for the growing of crop and which in 
many cases resulted in deterioration of soils when carried to excess. 
This aspect had not been thoroughly worked out any where in India. 
The experiment on tillage had been conducted, for a very short period 
and the data thus obtained were not reliable for recommendation to cul- 
tivators. As regards the recommendation regarding frequency of 
ploughing they had got no data to go bv. There were some data at his 
station farm to dmv that repeated cultivation resulted in deterioration 
of soil" fertility, lie suggested that lliey should include in these reso- 
lutions, a recommendation regarding experiments on tillage operations 
for proper- time and frequency of operations. 


The second! ..mission was the absence of any recommendation about 
the Soil conservation-, methods t,o.. be. adopted, for. general, .practice ..of; 
maintaining sub *niH fertility. This was' a.vcry- important' subject- pnflt lie- 
hadfpoinled il nut in h,is note that wherever there whs the practice of. arable. 
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farming, the soil losses were very very great. That meant that if they 
did not take any precaution regarding protection of soil fertility, the 
fertilitv would be lost within a Tew years. They also found during 
their main survey in certain districts in the Bombay Province that over 
70 per cent of arable land was lost partially or wholly. In view of this 
important nature of the problem he recommended that the Hoard might 
include the 'following resolution also: 


“In view of the fact that erosion has been found to be of serious 
magnitude iu arable farming in certain parts ol" India, it is highly desir- 
able to recommend suitable erosion control measures to diflcronl land 
elapses used for cultivation purposes in all Provinces and States. In 
this connection biological methods of control r.iy , strip cropping, 
should receive greater attention as they are cheaper and easier to fol- 
low”. 


Dr. Mirchiuidani, Head of the Division of Agronomy, Indian Agri- 
cultural Research Institute, said that the subject of soil fertility was no 
doubt very important and the resolutions brought ioruard by tie* Com- 
mittee were thorough. lie wanted to mention one little point that might 
be considered and that was that the yield of crops per acre was slowly 
going down in spite of the increase in the production. The increase that 
had been obtained was due to the increase in the acreage and not increase 
in the yield per acre. This was. no doubt a very disturbing factor which 
was associated with the soil fertility problem. It was time to find out why 
it was that the yield per acre was not going up? Was it because (hev were 
tapping the land to poverty : was it that they were not looking after the 
slock trial of other portions in tile land or was it that the crops that they 
wore growing were taking more from the soil than they were returning 
to it ; in other words was it that the land was generally getting tired? If 
they could only enquire into this problem and try to find out the causes 
that were responsible for the less yield, possibly they might be able to 
find a remedy. There was no doubt that they wanted to maintain and 
build up fertility. At the same time it would help considerably if they 
found out the causes which led to the lowering of fertility in spite of all 
efforts put in for improvement. In this connection lie would like to draw 
special attention to Resolution No. 2. of the Committee, not that it was in any 
way more important than others hut he considered personally it necessary 
to draw pointed attention to it The principle of won husbandry should 
be such Ihat the land should not get tired and should continue to remain 
in good condition and that could be achieved by a suitable rotation of 
crops so that if this resolution in px-inciple was given immediate cfTcei 
they should know' very soon why the lnnd was not vie 1 ding enough. 


Mr B. K. Mukerjee said that the recommendations made were very 
comprehensive and he would urge upon the members to accent ihctu »•• 
toto. Biit a very important point had been just now brought out by his 
friend Dr.. Bast: of Bombay. It was undoubtedly true that unless thev 
took effective measures to -top the tremendous amount of sheet erosion 
which was going all round the country it would be impracticable and un- 
55,. lo- take recourse to any intensive planning of applying artificial 
Xei tihzers and organic manures to cultivation. It was quite sH right to 
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ceCiirce large-. yields by the application of manure but unless and untill 
they, kept ibc, surface soil profile in a proper condition it. would be iniposi-^ 
ble to gain the desired end. Therefore, a. certain amount of modification ' 
was necessary and the aspect of some anfi-erosion work in Item 2 of this 
recommendation should he included. . 

Mr. 1. Cliatterjee, Assistant Agricultural Commissioner with the Gov- 
ernment of India, invited attention to recommendation No. 4 in which it. 
had been stated that more systematic investigation should be carried out 
with different, forms of organic -manures, especially green manures, farm- 
yard' manures, compost, either alone or -in conjunction with artificials. 
He suggested that in place of “either alcme or in conjunction with” they 
ahould include both. Tins was agreed to. 

Mr. I. Cliatterjee further said 1 hat another poinl was that us regards, 
farmyard manures they should take into account the application of nit-, 
vogen and other nutrients per acre of soil. The suggestion was accepted ' 

Rai Bahadur R. L. Sethi said the first resolution on it-nv UB) Hi. 
“that a land use classification should he carried out to determine what 
areas are suitable for growing crops or trees or lor pastures”, appeared, 
to him to be a very elementary sort of l’ecommendation. He was glad that 
the Chairman of the Committee had explained that it was not required to 
be taken up for all the land hut for the Sub-marginal areas where the dis- 
tinction was to be made as to what area should be suitable for that purpose* 
and what area for the trees. 

Regarding the second point with regard to the maintenance of soil 
fertility treating irrigated and rain fed areas separately, he said that action 
had alreay been taken by the Indian Council of Agricultural Research 
on the report, of Dr. Stewart which was very comprehensive and the 
scheme was already in preparation and all these aspects would be taken 
up. In connection with the ' recommendation that the fixation of phos* 
phate and placement of fertilitizers especially phosphatic fertilizers should 
also be investigated, the position was that a scheme had already been 
sanctioned in this connection by the Indian Council of Agricultural Re- 
search on the recommendations of Dr. Stewarl to study these factors. 
Comprehensive work to find out the effect of fixation was to be taken up 
and a scheme sanctioned for the purpose. 

He quite agreed with the recommendation No. 4 that more systema- 
tic investigations should be carried out with different forms of organic 
manures especially green manures, farmyard manure and compost either 
alone or in conjunction with artificials. Even in Madras he understood 
there was a difference between the effect of the different qualities of crops 
with the application of organics. There would be no harm in adopting 
the suggestion that the investigations should he carried out with different 
forms of organic manures. 

He also agreed with Dr. Basu that although soil conjunction work pro- 
gressing, a recommendation to that effect should he made, as bunding and 
strip cropping were giving very good results in Sholapur. They might 
recommend that this work was of a nature that the Indian Council of Agri- 
cultural B search should take up Tt was very important and should be 



frafceb up as. a separate, recommendation in the form of a resolution. -Dr. 
Keen 's suggestion of appb'ing nitrogen anti organic manures to the crops 
was very important. A s\ st cm of crop husbandry should he adopted in 
India by which they eotild get very good increase in the yields ami in- 
crease the soil fcrtiiilN. A scheme was mooted for seeing (lie effect of 
Ammonium Sulphate hv Mr. Hnlmimanyan from Bangalore. and Indian 
(Central Cotton Conunittee sanctioned the .scheme. The next point was 
that they should evolve certain systems of crop husbandry and in that 
way they woitkl -he considerably helping fertility. 

Dr. P. C. Unite, in. Agronomist. Indian Agricultural Research lttsti-. 
tute said that the idea was to have a review of the work done on the main- 
tenance of soil fertility in India with suggestion for future lines of work 
with particular reference to the effect of soil fertility on the quality of crop 
production. No resolution had been presented to this Board showing the 
review of the work done fin the subject. It had been brought out by the 
experimental work in the Indian Council of Agricultural Research that 
mixed crop experiments definitely increased the fertility of the land and 
also raised the status of the farmer in respeel of his economic conditions. 
This idea of mixed cropping should he brought out in these studies. 

THe (Minimum said that there did not seem 10 be much difference of 
opinion as regards the recommendations made by the Committee. One or 
two small points had been raised. Emphasis had been laid about the 
organic and inorganic manures. In Resolution No. 3 it was stated that 
“manurial schedules for the maintenance of soil fertility should he worked 
out. treating irrigated and rain-fed areas separately. The different forms 
.of nitrogenous and phosphatie manures should be studied in detail. A Bo. 
in manuriul experiments « comparison should be made of N, N!\ NPK 
'treatments at different levels. Thy fixation of phosphates fertilisers and ‘ 
'placement of fertilisers especially phosplintie fertilisers should also lie 
investigated *\ and in Resolution No. 4 it had been suggested that. “more, 
systematic investigations should he carried out with different forms of 
organic manures especially green manures, farmyard ttumwiv and compost, 
cither alone or in conjunction with artificials”. He hud suggested to the 
CHAIRMAN of the Commit In* that instead of saying ‘cither alone or in 
conjunction with’ they should say 'I’ompost alone and in eon junction’. 
Tlmi wo'iM put 1 tie matter right. ‘The Chairman had agreed 1o the sug- 
gestion and this might he accepted. 

Regarding Rni Bahadur Sethi's remarks about Dr. Keen's recommend- 
ations, the note had been dismissed by the Committee. Tie invited the 
Chairman of the Committee to make a statement on erosion which point 
had been brought out by Dr Basil. 

Dr. Mnkerjce slid that ns regards civ ion and sheet erosion, tin* 
Committee did not want to go into question in detail. An indication had 
been given os to the use of land classification and he had made a reference 
to that Tlcm No. 1. 

Rro'-ion was a big enough subject and (bo effect i.r sluvi erosion on 
soil fei-tiiity was known but they should not smuggle those big subjects 
into this specific issue. A Rub-Committee was appointed to eon-side"* ibis 
question in 1937 or 1939 by this Board when the question of erosion was 



gone into very thoroughly and definite resolutions were adopted. The 
need of an All-India erosion survey had then been pointed out. 'The ap* 
pointment of Erosion Committee in the Provinces and States and in the 
centre for co-ordinating work and many other relative points were dis- 
cussed in those resolutions. 

The Chairman enquired if it was the’ idea that they should bring to 
the notice of the provinces and states the importance of erosion control. 
The house was in favour of the suggestion. 

The Chairman said that it had been suggested that in Item I (b) 
the heading should be slightly changed. In the last line in place of “Soil 
fertility on the qualify of crop production” it should read “soil fertility 
on the nutritive quality of crops and fodders”. The whole paragraph as 
amended would be as*follows : — 

1(b) “Review of the work done on the maintenance of soil fertility 
in, India with suggestions for future lines of Work with par- 
ticular reference 1o the effect of soil fertility on the nutri- 
tive quality of orops and fodders”. 

The Board then agreed to the above suggestions and adopted all the 
eight resolutions fromed by the Committee with a' slight amendment in 
Resolution 4 to read “compost alone and in conjunction” for “compost 
either alone or in conjunction” as follows”. 

(1 ) That a land us e classification survey should be carried out to 

determine what areas are suitable for growing crops or treok 
for pastures. 

(2) That suitable crop rotations in which legumes that build up 

soil fertility are included should he evolved to fit the differ- 
ent soil climatic regions and cropping- systems. Both indige- 
nous and exotic legumes should be studied ; their usefulness 
as cash, catch, cover, or fodder crops, or for inclusion in 
mixed farming taken into considerations. 

CO) That manurial schedules for the maintenance of soil fertility 
should he worked out, treating irrigated and rain-fed arose 
separately. The different forms of nitrogenous and phospha- 
lie manures should he studied in detail. Also, in manurial 
experiments a comparison should he made of N, NP, NPK 
treatments at different levels. The fixation of phosphates 
and placement of fertilizers especially phosphatic fertilizers 
should also he investigated. 

(-1) That more systematic investigations should be carried out uitli 
different forms of organic manures especially green manures, 
farmyard manure and compost alone and in conjunction with 
artificials. 

f'>‘) That soil organic matter should^ form an important subject of 
investigation specially in relation to its effect’ on soil structure 
and on microbiological activity < - 
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(6) Thai microbiological investigations should be given more im- 

portance and attention should be paid in (his connection to 
the role of Azotobactor in soil fertility.' 

(7) That in relation to nutritive of crops, systematic chemical 

analyses should be done. Where facilities are Jacking at 
present . at least X, V, TC, Co, ash, and carbohydrates should 
t H . estimated. The main experimental stations in each pro- 
vince or state should be fully equipped to carry ont compre- 
hensive investigations on the nutritive value of selected 
crops. 

Biological assay of nutritive value of crops should he carried out in 
conjunction with biochemical departments of universities or other insti- 
tutions 

(8) That a rapid reconnaissance soil survey should he immediate- 

ly carried out in each province and state on the lines indica- 
ted pi tin* resolution of the crops and .Soils Wing of the 
Board of Agriculture in 1930. The recommendations made 
by Dr. A. B. Stewnvi as regards soil and agronomic studies 
should be implemented as early as possible”. 


SUBJECT XO. 2. 

The importance of roof slock s in the standardisation of fruit tree /notarial. 
(Far proaeedings of the Snb-Coiumittce dealing with subject Xo. IT vid(* 

Appendix JI). 

Dr. G. S. Clieenid. Fruit Development Adviser to the Government of 
India who was the Chairman of the sub-Coinnuttoc introduced the subject 
and said that, in order to malic fruit growing very profitable in India, 
flic standardisation of plant material was absolutely essential. The main 
object in underlying standardisation was to ensure n larger percentage of 
Uniform productive trees of quality in a unit area. A good deal of work 
in standardisation of material had been done in the ease of temperate 
fruits ; so the task in regard to suo.li fruits was comparatively easier hut 
the standardisation of citrus, mango out! similar tropical fruits involved 
a good deal of further research as their standardisation bad to l*e brought 
about by several methods, including tree and bud selection and roguing, 
of variants from polyembryonk material. Tt was essential that root 
stocks and scion investigation should he taken up by all the province* and 
jtfates wherever these were largely grown. Meanwhile, with the help of 
available knowledge it should be possible to help the fruit growers to a 
certain extent. The discussions of the Committee on these questions were 
summarised in ihc preamble which had already been circulated. The Bo- 
solutions as drafted by the Committee were for consideration. 

Mi. Xaik. hxuit .Specialist, Madras said that the Committee’s views 
Iji&t tup efficiency of fruit orchard* m the country was miserably 
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low. Work done in some provinces' had clearly shown that while o»e. 
should- expect cent per cent inherently' fruitful trees in the plantation, 
hardly 10 per cent of regular fruit-productive individuals wore found. So 
long as the position continued to be like this no progress could he achieved, 
however, much they might strive in other directions. This subject, wap 
. therefore of great importance, because it provided the one means by whiqh 
they could increase effectively the profits from the fruit orchards. Plants 
ing of cent per cent inherently*' fruitful trees provided the key for success 
in orcharding. For this they-'-musi examine, the possible ways of increase 
ing their orchards efficiency.' The Committee attempted to show -that the 
methods- of achieving this orchards -efficiency lay mainly in three directions; 
firstly by arranging for effective selection ol‘ trees so that they might have 
progenies only from parents of known performance and from varieties 
which were already acclaimatised. This implied a careful survey of the 
existing orchard material to select trees of outstanding merit. The next 
was by attempting to work on the lines of bud selection on which very 
uotable improvements had been! effected particularly in the U.S.A., 
South Africa, Australia and other countries. The work done by Shamel 
and his eo workers showed that iu several notable clonal strains the per* 
formances were not alike. Therefore, by the indiscriminate selection of 
buds they were 'getting only a- preponderence of unfruitful or uneconomi- 
cal orchard elements. The -nurseryman who did not realise the value of 
bud selection, might intentionally or otherwise he selecting buds which 
were intrinsically, unfruitful ‘or of poor quality. This emphasised the 
paramount need for bud selection. The third step, of course, was b> tftfc 
select iux of rootstock. It Was well known what important influence’ the 
rootstocks exercised on the scion performance. 

It was necessary not only to have an intrinsically high clonal strain 
as a result of tree and bud selection but there must be effective stionic com* 
bination which would give the best orchard performance for every major 
cultivated fruit in the important fruit growing zones. It would, there- 
fore, be pertinent to mention here that through the selection of efficient 
clonal strains, orchard efficiency had been increasing in recent years. 
Very veeenlly in EngTaud, the Ministry of Agriculture passed a legisla- 
tion to permit the- planting of only high' yielding clonal strains from indi- 
vidual strawberry plant selections. The examination of the performance 
of individuals in several centres disclosed tbal the progenies of different 
plants behaved very differently. It was, therefore, felt that rigorous 
selection of individual trees 'was -of crucial importance in securing effective 
planting stocks for the - orchards. In several countries spectacular im- 
provements had been effected as a result of these met hods and their irnple- 
mentation had been done. on, a wide .scale. Lastly, horticultural history 
was full of instances of spectacular improvements that had been effected 
by. the determination of the optimum scionic' combination and therefore, 
all these methods wore of great importance in improving the efficiency 
#>f orchards and in increasing the profit. But all Ihese would be of little 
•avail if they did not regulate the private nursery trade. At present, it, 
was a matter of common knowledge that, the private, nursery trade whs 
only anxious to multiply its •nursery stock and sell them -at the'-byst- 
bargain .possible., There had been instance*; where agents 'died --been 
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going ou and canvassing for a particular specified variety and selling 
plants entirely, under spurious names. Foreign workers had said that 
several varieties said to exist in the nurseries in India, existed merely in 
1 he imagination of the nurserymen and they had expressed the view that it 
was futile to import nursery stock from India. In the interest of the fair 
name of the fruit industry therefore it was essential that they should safe- 
guard the fruit grower from the various malpractices that existed at present. 
Therefore the registration of fruit nurseries, was considered to be of 
great importance in order that only plants of genuine quality could he 
sohvied from Ihe trees of best performance and raised on optimum. 


S. B. Lai Singh, Director of Agriculture Fast Punjab, said that no 
crop in ludia had such scope for improvement as the fruit Crop. The very ' 
fact that there were .gardens- in every / province yielding as high as Rs. 
2.000 to Its. 3,000 while others were not yielding even a hundred rupees 
per acre showed the scope for improvement in gardening. One factor 
responsible for the low income or low yield was the planting of inferior 
varieties of plants. Purchase of plants teas largely a gamble for a 
fruit grower as he could never be certain from the look of the plants 
alone in the nursery that they were of reliable or standard variety. 
Everything. depended upon the word of the nurseryman and aftm* long 
years of toil and labour the grower may find that he had been cheated 
and tens or thousands of rupees for purchasing the plants and bringing 
them to bearing age were wasted. He felt that the Committee should 
have gone a little further. In every civilised country legislations have ' 
been enacted to control the nurseries. During his visit to Australia 
last year he found that it was an offence to start nursery without a 
xeence and the nurserymen had to undertake to produce plants of 
specified varieties only, approved \>y the Department. This ensured 
to fruit growers the supply of plants of right types and f-ee 
Jrom disease Unless and until nurseryman's guarantee was forthcom- 
ing, he could not ply his trade and heavy penalty was imposed 
ny law on the non-compliance of rules by nurserymen. In Egypt. 
America and Europe similar laws were enforced. It was time 
to enact rigid laws in India and no nurseryman should be allowed to 
fij!* 8 Ill P<sery unless and until he conformed to certain specified condi- 
industrv iTfl! 110 should have the right t 0 ruin the fruit 

'Cy £o1 }5 e sake of hlS P ersonaI Mere registration of fruit 

t W ° Uld n °- t g f T fa £ Thls ex P er ^ment of-registration was started 
swmt/S? Vi Pun 3, ab ’ according, to which the names of nnr- 
Iff “ te £S g t0 pr0duce P ]jmts of reliable varieties and ful- 
SF ? d ’ *"? *P be r ^^tcred and these nurseries were 

W 1 K t0 time ; Bdt tliis P^ved a failure 'as there 

*2? SELl m to rouncl to -check <he nurseries. Thor could 

buddeJ SJW S buddlll £ t0 ensure that the plants were being 
whole d thSg\aa%rh H ul P ! °X bud ‘T° d only - Tbus nltimately the 
of whom unfortunately ^id ^ g °° d o£ £ le nursei ’. r -men’ many 
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Mr. Jabiv Ali (Bombay) said that the greatest difficulty at present 
in tbe development of fruit growing was that both the Central Govern- 
ment and the Provincial Government refused to believe that fruit grow- 
ing as an industry required help from them. He suggested that the 
recommendation should be amplified by adding to it one sentence at the 
c-nd as follows: — 

“This Committee believe and would like the centre to accept that 
fruit is not only a food but it is one of the most important 
foods and every help that is being given to growing of 
grains and other crops to-day should a ho bo given to fruit 
crops as well. 4 ’ 

The Chairman pointed out that this aspect had been included in the 
Resolution of Committee No. V and if so desired, the matter might be 
examined in that connection. Mr. Maclean said that there was recon: 
mendation from the India Council of Agrl. Research sometime ago that 
demonstrational orchard's should be set up in the provinces. ITe did not 
know how many provinces had gone ahead with it.. Baroda and Gwalior 
were doing something but he would like the recommendation to go for- 
ward for the establishment of demonstrational orchards by the 
provinces and states as soon as possible. lie further said 
that one of his fr.icnds in Baroda established a mango orchard and 
brought nil his gi’afts from Navsari inspite of the fact that Government 
Department had fruit orchards spread throughout Baroda. It was 
difficult to find why he should have gone to private nurseries v.iili nil 
the attendant clangers when 1b ere were Government orchards. lie there- 
fore suggested that if it was within the competence of the Committee, 
it should ask the Government of Tndia to press on all the state* and 
provinces to establish demonstrational orchards. 

Dr. Checmn said that he welcomed the suggestions made by S. B. 
Lai Singh and Mr. Maclean. A fine system of registration of nurseries 
existed in Germany as late as 1939 in which the German nursery men 
were registered on a voluntary basis. They had their own tribune’ 
which prescribed certain standards for all kinds of fruits. The default- 
ers were punished heavily by that tribunal. This system was working 
wonderfully well. It was for consideration if this country had come to 
that stage where voluntary registration was possible. He would not 
object to the proposal of S. B. Lai Singh regarding legislation provided 
it was in the interests of the cultivators and they welcomed it. As re- 
gards the suggestion of -Mr. Maclean that demonstrational orchards 
should be started in all provinces and states he felt that this would be 
very desirable. Uptjll now the provinces and stales did not pay suffi- 
cient attention to the development of fruit industry. It was on account 
of this that uplilJ now no province had been able to establish demons- 
tration al orchards and if they did a little, it was not up to the mark. 
Tie was strongly in favour of making a recommendation to the provinces 
and states that they should go for demonstrational orchards. They could 
add to the resolution as follows: — ’* * • ^ 
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"They should raise model orchards with their improved stoel* in 
’ tlio first instance before proceeding further.” 

The Chairman said that it seemed to be the view of the lions* that 
the two suggestions made by S.B. Lai Singh and Mr. Maclean should be 
accepted. If so, the Resolutions as amplified would stand as follows: — ■ 

‘‘The Board while recognising the supreme importance of staml- 
rdised material in raising profitable orchards recommends that: — 

(i> Towards this end, work be planned in several directions. 
This would involve firstly, the selection of trees in accla- 
maitised varieties on the basis ol‘ actual orchard performance 
and secondly, the selection of bud in order to eliminate 
off types from future orchards. These have to be supple- 
mented bv the determination of an optimum stionie combi- 
nation for each important region and in respect of each 
of onr major cultivated fruits. The provinces and states 
may therefore plan comprehensive trials to cater for each 
of tlie major areas, and these schemes may later he scruti- 
nised by the Centre. In the case of other fruits, wherein 
rootstocks are considered to be of n 0 significance, stand- 
ardisation will naturally be effected through only plant 
selection, supplemented by careful rouging out of variants * 
in nursery stage. 

Hi) As a direct means of help to the fruit growing industry, and 
pending the results of trials suggested above, an effective 
means he demised to provide efficient and stnndnrdised 
material for the new plantings as well as to till the gaps in 
the existing orchards. Such an objective can lie achiev- 
ed through the regulation of the private fruit nursery trade 
as well as by concerted propaganda by trained horticul- 
tural workers on the basis of available knowledge. 

(iii) Tn this connection, registration of fruit nurseries should be 
deemed as a work of urgent importance since on this de- 
pends the supply -of reliable planls of intvinsicallv high per- 
formance. 

fiv) The Government may be requested to enact legislation of nur- 
se'-vmen enjoining that nurseries must eon form to tin- stand- 
ards as laid down in the preamble and no nursery man 
could start a nursery unless it came to this standard. 

(v) The provinces and states should establish Demonstration 
orchards mid m order that the parties could he assured of 
dependable materials the grafts etc. should he supplied from 
this source. 

The Resolution as amended was adopted. 
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SUBJECT tfO. Hi: - 
Cereal Ru&is and their control. 

(For proceedings of the sub-committee on the subject vide Appendix III); 

The Chairman invited Rai Bahadur R. L. Sethi, who was the Chairman 
of the Committee on subject No. Til to introduce the subject. 

Rai Bahadur Sethi opened the discussion by saying that at the Com- 
mittee meeting he explained the whole history of the work that was being 
carried out at present and had been done in the past. The severe epidemic 
that happened in 194647 was known to all. The question of eontrpl had 
been taken by the Government of India particularly as in some provinces 
the incidence was so severe that there was not enough seed left for the 
next year and C.P. alone had 1o import about 40,000 tons of seed fop 
sowing purposes. With this background of severe epidemic the severity 
of the situation had been taken into consideration by the Government of 
India and they called two or three meetings to decide what action shopld 
be taken in the matter. Tt was decided that a high-level committee shopld 
be constituted and named as Wheat. Rust Control Committee with D.B. 
Sethi, Agricultural Development Commissioner, Dr. J. N. Muklierjee, 
Director, Indian Agrl. Research Institute, Dr. Pruthi, the Plant Protec- 
tion Adviser and the Agricultural Commissioner with the Govt, of India 
as members, the last-named being made the convener. They called it 
meeting of this committee at Delhi and they invited the Plant Patholo- 
gists and Mycologists of some provinces who participated in the delibera- 
tions. The recommendations of that committee had already been circula- 
ted. The Committee on Wheat Rust Control recommended; to the Govern- 
ment that Dr. Mehta’s scheme for suspension of summer wheat cultiva- 
tion in the Nilgiris and Palni hills in Ihe Madras Presidency and in thft 
Hassan and other districts in Mysore and Dharwar and Belgaun districts 
in the Bombay Province should be approved and summer wheat cultiva- 
tion in those areas should be stopped by Legislation. The Government of 
India had already been approached to sanction the scheme as soon as posi- 
sible. It was acknowledged by all that the final solution of the problem was 
to evolve a rust-resistance variety. Until this was discovered it was neces- 
sary to do "work of other types also. It was necessary to see how far Dv 
Mehta’s scheme could be effected, in the meanwhile the Government of India 
had been approached to take action on the recommendation regarding the 
stoppage of cultivation of summer-wheat that formed the focus of the 
infection. There were some Mj’cologists, particularly the Madras Myco- 
logist Dr. Thomas, who said that the remedy had already been tried for 2 
years but it did not give good results. Dr. Mehta pointed out that the 
work was not effectively supervised and cultivator did not put their hesrt 
into the work because tile compensation that was promised to them had net 
been given. It was considered desirable that the Central Govt’s Bcs* 
Control Committee should be closely associated with (ho work to be d-~~i 
under Dr. Mehta’s scheme, if it was sanctioned by Government. Is 
Connhittee meeting. Mr. Ekbote had said that the work on ])hrsia!iv;V5f-'* r 
of lyist was very important in view of the fact that two newr?.** 5 
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stem rust had appeared in C. P. during the last six years and two bio- 
types in MahabalesliufU’. He said that this indicates the possibility that 
more races might arise later and he was, therefore, of the opinion that 
work on this aspect of the rust problem should be intensified. So far, in 
India, they had touched a fringe of this problem. In western Canada 
alone! over two million dollars had been spent on the breeding of ru$t- 
resiSthnt wheats. Compared to it India had so far spent very little. 

Mr. Kulkarni, Mycologist, Gwalior, referred to the rust nurseries re* 
commended by the Wheat Rust Control Committee and wished to know 
whether the work would be confined to the 5 zones ns had been recommend- 
ed or whether it would be carried out in the plains also Avhere growing 
of wheat was of importance. 

» Mr. Sethi said that the Wheat Rust Control Committee had recom- 
mended that the intensification of this work should take place at 5 centres 
and the whole country should be split up into 5 zones, viz., ■ 

A. Bombay, Hyderabad. 

B. C. P., Bhopal. 

C. East Punjab and IT. P. 

D. Bihar, West Bengal, Orissa, 

E. Mysore, Travaucore. 

Mr. Yarudarajan from Madras, who was present in the committee, 
referred to the same point which was raised by Mr. Thomas. It was 
stated that Dr. Mehta’s work had been tried already but, without any 
success and so if the work was to be continued, it should be done strictly 
under the control of Dr. Mehta and not under that of the Provincial Gov- . 
vernments. The Committee however did not agree with this view. At 
the meeting "Rai Bahadur dtalidas Sawhney made a very good suggestion. 
He pointed out that although work was being ‘carried out for a very ‘long- 
time and varieties had been imported from Russia and various other 
places by the botanists and otliey physiologists and crossings had been 
carried, they were not aware as to what matciial was available for intensi- 
fying the breeding work. He suggested, therefore, that a small expedi- 
tion should he sent abroad to collect the material which might be of great 
use for the purpose. The Committee endorsed this view. After taking 
into consideration the points made the Committee made recommendations 
'under three categories, viz., 

1. Fundamental Research, 

2. Control, and 

3. Agronomic work. 

* 

Under Fundamental research, the Committee recommended that is. 
tensive work on physiological races, tlieir origin etc., should be carried 
out'. The second was that the rusts of millets like sorglmm bajztn, seteria 
should be further investigated ; their life histories studied and damage 
they cause ascertained. Without data nothing could be done and data 
should be collected in order, that necessary action might be taken. In 
respect of control, there were four recommendations. The first, was made 
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by Dr. Mehta for suspension of summer cultivation of wheat in certain 
places in India. It was desired that Dr. Mehta should be closely associat- 
ed with the Work. The second was that dusting of sulphur should be 
resorted to as a means to check this rust and that, certain other fungicides 
should also be tried. . The third was tlie provision of 200 dusting machines 
for the use of provinces and states and 20|30 tons of sulphur to be made 
available in the important wheat • growing centres so that action might 
he taken at once. The fourth was that work on breeding should be inten- 
sified funds allotted for this purpose. The work should be entrusted to 
breeders specially appointed for this purpose. In the same connection it 
had been suggested that breeding work should be conducted not only in 
the five zones but in as many areas of provinces as possible and help should 
be given by the Centre. The committee recommended that an expedi- 
tion consisting of two or three wheat investigators should be sent abroad 
immediately to collect materials which would be resistant to rusts and 
other fungus diseases and which might he useful for genetic purposes. 
The committee further recommended that, in order to take prophylactic 
measures in time, weekly data on temperatures, rainfall and humidity 
should be collected to see what the conditions were under which the rust 
appeared and to safeguard the 1 , crop in time if any measure could he taken 
up. It. was further recommended that the assessment of losses due to wheat 
rust should be determined in all wheat growing regions. Although Dr. 
Mehta had said that there were uo alternate and collateral hosts, Mr. 
Thomas and Mr. Vasudava noted in their report that there were one or 
two hosts in the South that were likely to form as alternate hosts. It 
>vas also recommended that Beriberis Asiatica , found near Pachnmri in 
C. P., might he tested for such purpose. The Committee recommended 
that assessment of damage should be studied thoroughly. While con- 
sidering the recommendations made by the Director, Indian Agrienlturai 
Besearch Institute the Committee f\'«s further of the opinion that mixed 
cropping was not likely to give good results, and although the wheat 
Dust Control Commiltce accepted that, recommendation, the members 
of this committee, as a result of the discussions, felt, that mixed cropping 
was not likely to he fruitful but that early maturing -and semi-resistant 
varieties might lead to the desired ends. For this purpose more attention 
should he paid to the breeding of semi-resistant varieties. Finally, the 
Committee noted with satisfaction the work carried out by Dr. B. P. Pal 
on inter-specific and inter-genetic crosses. Although the work had not yet 
led to success the attempt, was praise-worthy and the committee recom- 
mended that the work should be pursued further. 

Dr. J. N. M’lkJierjcr : said that, the position was that certain statesmen 
had aproaehed the Tlon’ble Dr. Rojondrn. Prasad, who was the then 
Minister for Agriculture and Food, pointing out that something should 
be done to control -this ru'd. A.f the instance of Dr. Bajendrn Prasad 
the Indian Agricultural Besenrcli Institute took up task of preparing a 
review of wliat was known about rust and the method of its control, iu 
India aiid abroad. That review had been published in ‘Science and 
Culture 1 . Dr. Mukher.iee took this opportunity of thanking Dr. Pal 
for the amount, of labour lie and his stutf had put in this connection. At 
the conference over which Dr. Rajeudrn Prasad presided certain pro- 
vincial Mycologists, were of the opinion that a survey was necessary in 
LI CIGAR 
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order to find out whether there were alternative hosts or not. The work 
that had been c\ouc sojCarwas not comprehensive. Since then the little 
work that had been done, as well as the reference that had been made by 
this committee suggested that there were alternative hosts which could 
not be ignored. The main point of Dr. Mehta’s suggestion was that if the 
measures recommended by him wore adopted this wheat rust would be era- 
dicated. They were all* grateful 1 o Dr. Mehta f or the pioneering work he 
had done especially in relation to the physiological part of tile rust. prob- 
lem. The provincial Mycologists present at the conference definitely ex- 
pressed tlie opinion, however, that they had reasonable doubt, as to whether 
this method would succeed. I’ltimatelv they agreed that a trial should he 
conducted to test Dr. Mehta’s suggestion. The recommendations of 
the present committee should be considered in the light of these provious 
discussions. It was not considered to be a very important solution of 
the problem but il was agreed that Dr. Mehta’s scheme was worth a 
further trial. Secondly about control with fungicides, c.g sulphur the 
question was one of organisation and the cost of operation. It was 
necessary that this question should be gone into very carefully. As re- 
gards an expedition for the collection of materials, the Indian Agrieul- 
cultural Research Institute bad been in touch with prominent wheat, 
breeders in foreign countries lilce U.S.A.. Russia, Australia and Canada 
and it had made very good collections. The Institute possessed all 
that was necessary, to know about the various methods of resistance to 
rusts that were being used elsewhere. The main trouble was that although 
breeding against rust resistance was the main .sol ut ion and success bad been 
achieved on that basis by different countries, unknown races cropped up as 
a result of which a variety that was found to be very resistant to one kind 
of rust might be later wiped out by a new' race. The remedy lay in con- 
tinuous effort to breed wheat resistant to the prevailing rusts and the rusts 
which might appear. It was also necessary to recognise that in India 
there was not one group of rust, but all the three namely, yellow, brown 
and 1 lack — and to breed wheat against the different physiological races 
for resistance was a tremendous problem. But the results obtained in 
the Indian Agricultural Research Institute lind already yielded some 
wheats which were resistant to all these rusts. The suggestion regard- 
ing an expedition and colled ion of wheat material was very welcome. 
But quite a lot about wheat in other countries was already known. ' lie 
did not know whether Rai Bahadur Tvalidas Rawhncv liad really in. 
view a plant expedition or merely ihe deputations of a group of two 
0 -* three botauists to collect informal ion from the various centres of the 
world. The two propositions were quite different. The plant expedi- 
tion which had to he worked out properly, especially in unknown regions 
required a great amount of preliminary work. They discussed this question 
at the Royal Soeiety Empire Scientific Confoi’encc and also in the re- 
view of the Imperial Agricultural Bureau Conference, and all the pro- 
minent botanists who wore present emphasised that international en-or- 
d ination could be effected and that there should be a proper organisation 

to do all this. Tu fact, specific resolutions were adopted in thal confer- 
ence. 
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l)r. Muklierjee added that ii appeared to him that the Committee did 
not properly appreciate the intention underlying the suggestion regard- 
ing mixed cropping’. He saw in Bhopal that by mixed cropping with 
gram and’ wheat, the peasants could get at least gram if wheat failed. 
While in general agreement with llie recommendations of the committee, 
therefore, lie was of the opinion that firstly a detailed survey was still 
necessary to find out the alternative hosts. Secondly, before they em- 
barked upon trials of sulphur they (should take into account the cost 
involved. Thirdly, they should not ignore the suggestion regarding 
mixed cropping. Fourthly, the only solution lay in extensive breeding 
against and study of wheat rust. It was not true that breeding against 
rust resistance had been successful. In fact, it was claimed by those 
people who were in the know all over the world that this had been the 
most successful method. 

Dr. Pal, Head of the Division of Botany, Indian Agricultural Re- 
search Institute, said that he was in agreement with the Agricultural 
Commissioner on many points but there were a few points on which he 
differed from him. At the meeting of the Wheat Rust Control Commit- 
tee, a larger number of Mycologists and Plant Breeders were present and 
almost without, exception they were against putting the clean up scheme 
into operation because they felt that it could not give the desired, results. 
The matter was again thoroughly thrashed out by the Botany Com- 
mittee of the Advisory Board of the Indian Council of Agricultural Re- 
search and the Committee which had four Mycologists on it, was unani- 
mous in the opinion that this scheme should not be financed. Another 
important matter was that results could not be expected within a short 
period of time. It had been stated that if a scheme was financed just 
for onp year, it would be possible to 'know once for all whether it would 
be a success or not. This ignored the fact that, severe rust, epidemics 
did not occur every year. If the rust epidemic did not come at a place 
in the first year, flic second year or the third year, it did not mean that 
it would not. in the fourth year also. It might not, therefore, be possi- 
. ble to draw any conclusion unless the scheme was carried out over a 
long period of time. Dr. Muklierjee had drawn attention to some of the 
aspects, particularly the one about, alternate and collateral hosts and he 
found that the Commiltee themselves, under their agronomic recom- 
mendations had pointed out that the work on alternate and collateral 
hosts needed furl her investigation as also the precise method of dis- 
semination of rust. Tlio Agricultural Commissioner himself refer- 
red to a rapid survey which was carried out a few months back which 
disclosed the fact that there were some grasses which acted as alternate 
or collateral hosts of rust, although the survey was carried out very rapid- 
ly and over a small portion of the country. If that was the position, 
and in view of the fact that the Mycologists and other Botanists had 
definitely expressed their opinion against the scheme the Board should 
be very careful to decide whether a recommendation of this kind should 
he made or not. Another point related to the question of the use of sul- 
phur to save the seed crop in certain areas. It had been suggested in 
Dr, Mundkur’s note that, if Ihey could save the seed crop then they would 
be saving something ' for the country. He pointed out in his note that 
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the C.P. had to import about 40.000 tons of wheat last year. Dr. Vasudeva, 
who was in-elmrge oi' the Myeologieal- Division of Lhe Indian Agricultur- 
al Research Institute had worked out the cost and according to his cal- 
culations, the cost of sulphur spraying would come to Rs. 13 } 28 millions 
of rupees in a. year whereas the cost of the crop itself would he about Rs. 
11 millions. lie had not. however, taken into account the cost of the 
machinery of which they would require a large number. He also point- 
ed out that in Canada sulphur dusting was given up in 1934 on account 
of its high cost and the authorities there now recommended its use only 
for the experimentalists and grain exhibiters. The other point to which 
he wished to refer was the first recommendation regarding more work 
that should be done on physiologic races, their origin, etc. They were 
not probably justified in criticising Dr. Mehta’s statement that the num- 
ber of rusts in this country was comparatively lower. If they compared 
the numbers they had with that of other countries they would find the 
number of races small. 


Regarding breeding rust- resistant varieties, the work w r as time-con- 
suming, arduous and difficult but the great rust authority in the TJ.S.A. 
It was true that some varieties were known to lose resistance because new 
races of rust cropped up but, on the other hand, there were other varie- 
ties which remained resistant. It was also true that some varieties lost 
their resistance due to environmental conditions and temperature. There 
were. again other varieties which maintained their resistance under those 
conditions. Therefore, as in other countries, they should be watchful 
and go on doing breeding work. 


Rai Bahadur, Kalidas Sawhney, said that Rai Bahadur Sethi had 
explained in detail the recommendations made and the observations re- 
corded by the various members of the Committor. The remarks of Dr. 
Mukherjee and Dr Pal, appeared to him to lay a greater emphasis on 
one or other recommendation of the Committee. He felt that the Agri- 
cultural Commissioner would be too glad to modify some of the recom- 
mendations to the extent that the special emphasis laid by the previous 
two speakers on some of the points, might be brought out more force- 
fully. Personally he had no objection to take course. 

Regarding the point made' by Dr. Mukherjee about a plant expedi- 
tion, the object was that the expedition should visit areas where wild 
wheat was grown .and also »pay a visit to the various experimental 
stations where breeding for rust resistance was in progress. Every plant 
breeder has. in his collection a large quantity of useful breeding material 
which he might .never have mentioned in his annual or progress reports. 
It was by a visit to these important breeding stations, actually contact- 
ing the breeders, and seeing what material they had that they would 
be able to collect mnnv more varieties or strains, which although they 
might not have been of great use to the plant breeder in question, might 
still be of use to India either in tin? breeding of rust resistant types or 
even m connection with other genetical problems.' 


. ^ **"? *° the point raised by Dr. Mukherjee (about mixed crop- 
ping the Sub-Committee was given to understand that mixed cropping 
was being advocated for reducing the evil of rust. Everyone in the 
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Sub-Committee had expressed the opinion that whether it was a pure 
•crop of wheat, or it was grown, mixed with crops like grain, ' saf -flower 
or other crops, the incidence o£ attack on the wheat crop in a year when 
rust appeared as an epidemic was more or less similar. It was, therefore 
from that point of View that the committee expressed the opinion lhat 
mixed cropping as a means of .reducing losses of rust on wheat was 
really not a satisfactory solution. No one doubted the. statement' made 
by Dr. Mukherjoe that mixed cropping served as an insurance against, 
complete loss to the cultivators. As regards the details of the alternate 
hosts, the study of the part played by them should be continued and 
intensified. At the same time, the study of physiologic races should 
also be made more intensive. With regard to the trials of sulphur, the 
Sub-Committee’s idea in making the recommendation was not that sul- 
phur was a really effective means of controlling rust but it made the sug- 
gestion more with a view to study the possibilities of the use of sulphur 
as well as other fungicides as likely means of control. The Committee 
had also definitely in view the working out of the costs of this method, 
whether as a prophylactic measure or as a control measure. As a control 
measure the Committee doubted very much that sulphur would really be 
an effective method of checking the datnage once the rust appeared in a 
very severe form. The. question of summer wheat was discussed in de- 
tail and the view was held, as had been pointed out, by Dr. Pal, that an 
experiment carried out for one year alone was not likely 1<> give any de- 
finite results. 

Dr. Mnndkur. Deputy Plant Protection Adviser said that the sur- 
vey which he carried out in Travnneorc and Orissa did not. have any 
•relation to collateral or alternate hosts. Tt was just to determine the 
, extent of some of the wheat cultivation in these two provinces. Tn Orissa 
he. was told that in some of the hill tracts in the province there was a 
good deal of cultivation of summer wheat. They went there and found that 
thal was nol true at all and there was no summer wheat cultivation. 
The second place was Travancorc. They found that they grew about 50 
to 60 or 100 acres of wheat, in summer. The second point was about sul- 
phur dusting. lie knew that it might e,os< more than Rs. 22 millions to 
dust all the wheat seed that was required, say, for C.P., in making the 
recommendation they said that each province should have in reserve only 
200 dusting machines, each costing Rs. 310 and 20 to 30 tons of sulphur. 
He had the testimony of Rai Bahadur Sawhncy, that in 194647 he was 
able to save bis crop of wheat by giving one or two sulphur dusting and 
thus save all his valuable seed for distribution. 

The third recommendation which this committee made was that they 
must have in reserve machines for dusting sulphur because there was a 
frantic appeal from Ajmer-Menvara, saying that the rust, there was very 
had and something should be clone at tlie earliest moment. They could 
not do anything as there was no sulphur in reserve and no dusting 
machines. It was jtfst to get over a situation like that that this particular 
recommendation was made. 

* - ’ 

Mr. Chavan said that in. Bombay they bad to do sulphur dusting 
not only once or twice but 4 to 5 times. In some places they did 5 to 6 
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dustings at tlio interval of f> to (5 days. The cost, was rather prohibitive. 
It came to Ks. 20 to 25 per acre. The crop was not fully saved but only 
about 50 to 60 per cent, was saved. But this was with regard to the 
breeding material and the nucleur material, because they* had certain 
schemes and t he nucleus schemes had to supply the original seed for 
further multiplication and this was saved by sulphur dusting. His sug- 
gestion was that the agronomical work should bo done in collaboration 
with the Agricultural Meteorologist, lie had set, up a laboratory at 
Niphad and had been recording data in connection with crops weather 
co-relation. This type of work might he coordinated by selling up fully 
equipped meteorological laboratories at important centres where this 
rust work was going to be undertaken. 


Dr. Bal said that regarding agronomical work and correlation of 
climatic data, there were no two opinions that such a thing was very 
essential. He did not, however, think that it was easy to predict the 
type of climate one was going to have after sowing the wheat. He was 
informed during 1916-17 by some cultivators in Central India that such 
a severe rust attack hail not h<*en recorded for Hie past 20-2”) years. 
It was a completely wet season from the time of sowing to the end of 
March with slight variations towards the end. lie did not think it was 
easy to predict whether the early or the late variety was going to escape 
rust because nobody could say v. hut was going to be the subseejuent cli- 
mate. For example, in 1946-47. the experience at the Indore Institute 
has shown that late sown variety not necessarily the long duration one, 
but thcwuue varietv sown lafe, had escaped the* attack of rust to the ex- 
tent of (0-80 per cent, whereas the same when sown enrly lmd been 
attacked practically to the extent of 80 per cent. He. therefore, felt 
that it was belter to introduce at least two dates of sowing with an inter- 
val of about 10-12 days, depending on the season. 


In regard to growing summer varieties in the bills it was men- 
tioned that although the rust epidemic did not, eoine every year, but 
ome in three years or so, normally in the plains every year there was 
certain amount of rust in wheat, though not in an epidemic form. 

. . As lcgards mixed cropping. Hr. Mukiierjee clarified the recommend- 
ation vn, that mixed cropping was not to he considered as a system to 
prevent the rust but to save at least some part of the crop. In this con- 
nection his suggestion was the growing of early varieties of wheat 
cither of varieties of two durations or trying one ’of the same varieties 
with two different dates of sowing should be done in order to guard 
against the hazards of climate. 


ill. Ekhotc said that Mr. Mehta himself -was not sure that Hie sum- 
mer wheat crop itself was the only source of in feel inn. He fDr. Mehta) 
did not rule out llie possibility of any other foens present in C.P. or 
m Bombay. Nor did lie dispute the possibility of the collateral hosts 
acting as secondary source of infection. F! 0 in view of this fact he 

W let i- V -! 1,IS mcaqnrc of cont ™l of rust would be worthwhile 
mi doi taking. Similar attempt was made in the years 1949-4-1 and 1944- 
45 and both these years they had heavy incidence of rust in C P and 
they bad forwarded samples of rust to Dr. Mehta. 



With regard to the recommendation of the sub-committee . advocat- 
ing the use of early maturing varieties, their experience has been that 
in 1943-44, when the wheat crop was very greatly affected and when the 
Government had appointed him to survey the damage, I. P. 52 wheat- 
which is relatively very early .maturing, escaped the damage to a very 
considerable extent. An a result of this observation the Government had 
initiated a seed distribution scheme for distributing pure seed of I. F. 
52. Their experience was that generally in the north of the province, 
where late maturing varieties are grown, the infection of rust came 
later than on the southern side bordering the Bombay Deccan and the 
Hyderabad. That was why he suggested that early maturing varieties 
like I.P. 52 and other similar varieties should be grown. It might also 
happen that- late maturing varieties may escape the damage if rust in- 
fection were to occur earlier in the season and its further development 
checked later on due to weather conditions becoming less favourable for 
its progress. The recommendation made above has to be taken in the 
light of \ho general experience. As regards early maturing varieties 
being found less susceptible at Indore lie said that experiments carried 
out by him for 4 years with replicated trials with three dates of sowing 
showed that the early sowing was always associated with the least damage 
of rust. 

Mr. Jacob (Madras) said that as regards the proposed expedition it 
was abso'utoly necessary to get material by workers themselves. The 
difficulty was that they did not get right material. 

Mr. Chavnn said llint in Bombay their experience was that early 
varieties generally escaped rust. Jay variety which had been evolved 
from triple crops between Dicoctnm and Durum Vulgare had given the 
same experience. The early type which matured within 120 days had 
given the same experience. • Early type was more vulnerable to paddy 
rust. 

Mr. Itulkarm said that with early varieties of wheat they conduct- 
ed experiments in Gwalior for the last 3 or 4 seasons and last year when 
the epidemic was very severe they had collected rust resistant varieties 
from the Central station, Delhi, Bombay and Indore and also their local 
varieties and in all these they found that early varieties did escape the 
disease to a certain extent as compared to the late varieties and in Kis 
, report he had given all those varieties which were found to be really 
useful, vis. IP 111. IP 52 and some of TP 80|5. Of course it was not, a 
remedy for those tracts where durum wheals were prevalent,. Tn those 
areas those varieties to a certain extent von Id mitigate the situation. 
One must Try to brood one's owe durum wheats suitable ro the tract and 
having qualities of yield and rust resistance. The appearance of rust 
was observed for the first time as early ns in November. He made a re- 
ference to Dr. Mehta inquiring as to how the disease came in. If it came 
from the sub-mount aw: areas of Himalayas there was no rust at tha t 
time which came all the way over and leaving aside all the Central 
Indian States. It should have, come from the Nilgivis but there were no 
disease in Khandcsh at that time 

Tt’ai Bahadur Halidas Rnvhney said lliat a, suggestion had been made 
by Dr. Pul that in the agronomic recommendations made under fclie 
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agronomic work in recommendation No. 3, it should be suggested that 
cultivators should sow tli.'ir crop on two sowing dates. In the greater 
part of the country where wheat was grown under ram-fed conditions, 
this suggestion was not practicable. Two dates of sowing might be 
adopted in areas where irrigation water was available. But there also 
it would depend upon irrigation authorities whether they would make 
water available for two different periods of sowing when they had their 
own rotation for the distribution of water. r l he second point that was 
suggested by Dr. Pal was about the study of records of humidity, rain- 
fall. temperature etc., in order to see what co-relation there was between 
the incidence of rust on the wheal crop and iho various factors consti- 
tuting this. It was precisely with that object in view that the study 
of past records and also of records of the future bad been suggested. 
Foi> instance, it was known that in 104647 in some parts of the country 
there was a continuous hot weather in December, January or February 
and in other parts it was late, rains in the month of November accom- 
panied by a virtual absence of cold weather. These conditions proved 
very favourable for the appearance of a heavy attack of rust. Now' if 
by the study of such factors of rain-fall or minimum temperature or 
humidity from past records they could establish a high correlation 
between them then it would be of great advantage. 

Dr. Wuhcrjec said that the Board would perhaps like to know the 
results obtained with rust affected wheat seeds. Samples were collect- 
ed from many centres all over the country and tlieir capacity for ger- 
mination and growth were recorded and it was found in a large majority 
of eases that the wheat did germinate well and ultimately matured fairly 
well. Except in v oine eases they did quite well as compared with normal 
wheat. 


The chairman said that, the matter was really important. 3Te was 
glad, that with minor changes here and there, all the scientists bad 
agreed that it w ,s of the utmost importance that they should do every 
thing to •ontro] rust and to produce rust-resistant varieties of wheat. 
TTc felt sorry that Dr. Mehta had again came in for criticism. He did 
not hold any brief for him but as one associated with the Indian Council 
<<f Agricultural Research since its inception, he knew that Dr. Mehta 
had been doing this work for a vorv long time. Tt was true that he had 
not achieved all that was expected of him nor that Ins methods had been 
accepted as perfect but it could not be slid that no further investigations 
were required. Dr. Pa] and Air. Ekbote were present at the Rust Control 
' Committee when this question was thoroughly discussed there and lie was 
rather surprised that they did not raise the point in that. Committee that 


the proposed method should noi be tried. Tic understood that at lit? 
Committee only Dr Vnsndeva and Air. Thomas were opposed 1o the 
proposal. lie \\t old like to clarify that this committee bad only repeat- 
ed the recommendations of wheat Rust. Control Committee, and after 
some discussion the Committee decided to look into the great, damage 
caused to the wheat crop by rust and the extreme urgency of taking sonic 
immediate steps to escape from this menace. The scheme of control 
measures as advocated by Dr. Mehta to be adopted for three years was 
a trial measure, and the work should be reviewed annually to assess Urn 
value of the experiment. Simultaneously other measures had to be 
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adopted such as, banning of summer cultivation, of ■wheat, erection of 
research laboratories etc. In his opinion pr. Mehta might be asked to 
put up details of the proposals showing the staff and other facilities re- 
quired for carrying on the work for three years. 

Members were aware of tlxe colossal da™age that the rust was caus- 
ing and the continuance of work done ky' Mehta had been recommend- 
ed by the Wheat Rust Control Committee as well as by this Committee. 
They might, or might not agree with the worker put in a broader sense 
and in the interest of the country they should agree that there should be 
a fair trial. After all, this control was going to be taken up only in 
the peninsular India and not in other placed He thought that the Board 
might agree with the recommendations of the Wheat Rust Control Com- 
mittee. . ... 

With regard to the work on Inter-genetic and inter-specific crosses, 
it was expected that this would be taken U P i n collaboration with the 
Metcriologist and he hoped that the Board "would agree to this: 

Rfttt&vdvaft tive. -plxw \sitk s\vV$mk it was, a&ra/yl that it was. 

very expensive and could not be taken up on a very wide scale hut as} 
was suggested, to save the nucleus seed, it might be tried. 

Ifni Bahadur JR. L. Sethi said by whr of clarification that at the 
Wheat Rust Control Committee both Dr. Pal and Mr. Ekbote did raise 
objection, but ultimately, tlio Chairman said that it was a trial measure 
in the absence of any other remedy. The Government of India said that 
' they were purchasing grain worth erorcs of rupees every year, and that 
something must be done to prevent this waste. They thought, therefore, 
that Dr. Mehta’s remedy was something at hand which might be taken 
up immediately and the. committee decided to try it although objections 
were raised by several gentlemen, intimately they agreed, with the ex- 
ception of Dr. Vnsudcva and Sir. Thomas who remained absolutely ada- 
mant. The. rest in spite of the objections, agreed to give a trial to the, 
recommendations. 

The Chairman then placed the recommendations of Sub-Committee 
before the house. The ■following resolutions were then adopted: — 

"1. Fundamental Research. 

(i) The Committee desired that intensive work on physiologic 

races, their origin etc. should bo done. It did not feel 
justified ,in the statement made in one of the papers that 
there were and would be only a few races of rust in India 
as that was not borne out by facts. The appearance of 
three new races iu C. P. (34, A, B) and two in Mahablesh- 
war (-12, A B Bio-types) in ihc course of a few years in- 
dicated that, there may be more races already existing or 
would atre hr mutation or other means. 

(ii) The rusts of millets like sorghum, hajra and set aria should 

also he investigated. 

2. Control. 

(i) The scheme for suspending wheat cultivation in summer in 
parts of Peninsular India as recommended by Dr. Mehta 
and approved by tlio Wheal Rust Control Committee should 
bo sanctioned and Dr. Mehfa should bo closely associated 
with work to ensure that it is carried out to his satisfaction, 


lioioau. 
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(ii) The plan of dusting sulphur ns a fungicide against -wheat rust 

should not only bo oarviod out but similar other fungicides 
should also be tested. 

(iii) The Committee endorsed the proposal made by Dr. Mundkur 

in his paper that in each province and State there should 
be at least 200 dustin'? machines and 20 to 30 tons of sul- 
phur dust in reserve for use against rust, wherever epi- 
demics are apprehended^ in order to save at least some wheat 
for seed purposes. 

(iv) The Committee recommended that work on breeding should 

be intensified and more funds should be placed at the 
disposal of the Provincial and State Governments in order 


to do this work in a more efficient and intensive manner and 
to meet breeding stations to meet the requirements of 
different wheat growing provinces and States should 
be opened and placed in charge of breeders special- 
ly appointed for this purpose. Large sums huve been 
spent, c by other countries in this work, c.g., Canada 
spent two million dollars alone in its 'Western tract for 
such investigation over a period of 28 years. 

(v) The Committee recommended that a deputation consisting 
of two or three "Wheat Investigators should be sent- abroad 
for the collection of wheats resistant to rusts and other 
fungus diseases and other material which may be full for 
genetic purposes. 

3. Agronomic work. 


(i) The Committee agreed that in order to take prophylnctic mea- 
sures in time, weekly records of temperature, Tninfall and 
humidity should he maintained and the data co-related with 
rust, incidence and wheat yields in as many places as possi- 
ble 111 the wheat growing regions. Past data, wherever 
.. available, may also be corrected and analysed. 

(n) Assessment of losses due to wheat rust should be determined 
m all wheat growing regions. The work oh altcrnaturc and 
collateral hosts needed further investigation as also the 
precise methods of dissemination of rust. The variety 
Ben hcri assiatica which has not been tested for its suscepti- 
Urtitv to wheat rust should be tested by Dr. Mehta and 
Uw Indian Agricultural Keseareh Institute, 
vin) Inc Committee was not hopeful of success of mixed croppings 
but agreed that the cultivation of early and semi-resistance 
varieties should he encouraged as that would help in reduc- 
ing losses by rust. 

(iv) The Committee noted with satisfaction the work on inter- 
generio and inf er-specifie, crosses that is being carried out at 
ibe Indian Agricultural Peseareh Instituted Although the 
nnehes of desired qualifications which are resistant to all 
' T 1Sts ^‘er have not been evolved vet the attempts 
JEJ <hn° ° r , conunP31 dation and the Committee felt 

d ^0 continued with a view to explore 
varieties” 01, oC evolving complete resistance ' 
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SUBJECT No. IV. 

Be view of tlie comparative merits of different methods of improv- 
ed farming practised in the country such as co-operative 
farming, collective farming, consolidated farming, joint 
management, consolidated holdings, etc., with particular re- 
ference to improvement in the yield of crops and economic 
condition of cultivator”. 

The Chairman invited Mr. Maclean the Chairman of the committee to 
introduce its report.* 

Mr. Maclean said that the Committee desired to reiterate that Indian 
Agriculture suffered from having too many men with inefficient imple- 
ments working for too low days in a year and cultivating for too many 
fields to, produce too small an amount of crop from the land. Having 
itemised the defects in tlml way. one of the subjects to be taken up imme- 
diately was the question of too many people. In another words, the Com- 
mittee felt that one of the matters that should be dealt with immediately 
was the consolidation of holdings, lie did not want to dilate on the evils, 
of sub-division and fragmentation because they were all loo well known. 
His Committee felt that in the past, Government paid far too fastidious 
concern to the ryot for his own ancestral plots with the result that nothing 
could be done in the way of consolidation, lie used the word “Fastidi- 
ous” quite advisedly, because, once consolidation began as they were in- 
tormed by the Director of Agriculture of the Central Provinces, the ryot 
himself, would come forward and ask for his lands to be consolidated. 

In the opinion of the Committee legislation .should be enacted to 
make consolidation compulsory throughout the length and breadth of 
India. It was a difficult matter but the remedy was not to be left with 
ihe peasant but with the Government. To leave this to voluntary efforts 
would bring no result's. The Committee further felt that before any- 
thing could be done In raise the standard of living, which was the aim, 
it was necessary to remove from the soil some of the population at pre- 
sent living on it. It was a matter of satisfaction that the industrial 
policy of the Government of India to step up industrial progress had Been 
so well received by the industrial magnates in the country. Unless in- 
dustrialisation was stepped up to increase the wealth of the country and to 
absorb the surplus rural population, there could not be any rise in the 
present standard of living. Apart from the question of large scale in- 
dustries the Committee felt that there was a number of industries which 
were suitable to village and cottage industries should be developed at the 
same time, and again this was a matter included in th e note issued by the 
Government of India, the other day in^ which both industry and agriculture 
were mixed up and it was encouraging to see the forward policy now 
being adopted by the Government of India. But even if the surplus peo- 
ple were taken away there would still be Ihe same amount of land, lack 
of capital, inefficient implements and so on. Attempts had been made 
over and over again to improve this. There had been, joint farms, co-ope- 
rative farms, joint stodk company farms (ns in Sudan) and all manner of 
eoroperativo enterprises but it was not known as to which was the best 
system to be tried. That was briefly the background against which th® 
•For proceedings of the Sub-Committee on this subject vide Appendix TV, 




Committee considered this subject and framed their five resolutions. In 
the discussion, at the Committee it became apparent that people had differ- 
ent ideas regar ding the exact connotation of different terms nsed in vari- 
ous kinds of co-operative farming. It -was time that these terms were 
clearly and une quivocally defined by the Government of India itself 
so that in future there might be no room for confusion about these terms. 


Mr. Patnaik (from Orissa) said that the Committee was expected to 
make some definite suggestions regarding co-operative farming or collective 
farming. As far as he was aware co-operative farming meant the same 
farming practice as was adopted in Palestine by the Jews and collective 
farming was the practice adopted in TJ.S.S.R. According to a report 
the latter kind of farming did not prove quite successful. The conditions 
prevailing in India were quite different as it was full of a number of 
landless agriculture? labourers. If in industry the labourer could be given 
a share, why should not a landless labourer should be given a share in 
agriculture. He felt that for 20 years to come, it would not be possible 
to mechanise agriculture in India even with their best endeavours. There 
were neither machinery nor could they produce or procure them from 
abroad. It was for them to think how to interest or how to give incentive 
to the agricultural labourer. That was why be felt that co-operative farm- 
ing should be definitely attempted in this country. It was suggested some 
times that the landlord should take some interest in the land and employ 
capital but this was not likely. Some said that they wanted to .use tractors 
and other mechanical devices but that would keep tile landless labourer un- 
employed. The Director of Agriculture of his province had' suggested a 
scheme of agricultural insurance. He might be asked to explain the scheme 
to the House. He thought that with the aid of an insurance scheme Co-ope- 
rative movement might be successful. If 'the Government of India were 
to appoint some officer to go round the provinces it might take two or 
three years before he would submit his report. But the problem at pre- . 
sent was very acute. We Imow that people were leaving agriculture and 
taking up industry. The agricultural condition in the country was pathe- 
tic while thinking of cooperative farming they should think how the agri- 
cultural prices also should be fixed otherwise the labourer and the agri- 
culturist would be nowhere. There had been a suggestion for the consolid- 
ation of holdings Almost all the provincial governments had taken it up. 

1 hey. appointed Land Tenure Committees and questionnaires were issued 
by the All India Congress Committee. He felt proud to sav that the ques- 
omiaire issued by his Provincial Government had been accepted almost 
^ i Yi Almost all the provinces had taken up the question of consolidation 
S 110 use ^commending this as it already had been 
f™ 1 ? tbe h.erature and reports available he was sure that co- 
operative farming would be very helpful. 

the mmWnSfp ttat tie , e ? mmitte c h’ad passed five resolutions and 
tn ?™ c of ,il ® e resolutions was that the matter should he rein- 
vest,gated with regard to various systems of farming. The GmmmZt 

fins be “ out delegation after delegation to various countries to 

find out the state of affairs there. Dr. Shiriame was sent out aCo with 
” e dcle * atan to study the nature ofco «vo Stag 
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there, i:c.‘ to study tlu* advantages of co-operative farming and whether 
it could be adopted in this country or not. In his report he mentioned 
that the Jewish Agency along with other colonization organizations were 
supporting co-operative farming by financing it to the extent of 65 per 
cent from the , fund provided from America. Tndia could not go so far as 
to provide such funds. Besides there were international authorities like 
Dr. Huston and socialist leaders like Mr. Masani and others, who have 
tried to examine this problem in a very dispassionate manner. There was 
another international authoidtj’ Mr. Clarke, who examined this problem 
and came to the conclusion that on the basis of the economies of the culti- - 
vation from the point of the fertility of land and from the point of mew 
of the efficiencj' of production and also from the point of view of 
the total production in a country it was peasant proprietorship which 
was the most productive of all' systems of farming. The great ad- 
vantage of peasant proprietorship was that a large surplus' of the popu- 
lation was straightaway absorbed in the industry. Tu the first part, of 
resolution it was staled that the experiment should be undertaken. If 
this was done it would take at least 10 years befo’e the report of this ex- 
periment would be out. In the second part of the resolution it was stated 
that these terms should be defined . He thought that the experiments were 
completed in other countries and were condemned from various angles. In 
his note he had shown that the production rate in countries practising 
peasant proprietorship had far gone ahead than it was in Russia from 
the point of view of total production. In the 4th recommendation it was 
stated that since the .Land Tenure System was the biggest obstacle, the 
Government should take up this work immediately. As far as be was 
aware, Government hud already laid down its Land Tenure policy and 
were pursuing at vigorously and it was for the Board to make direct re- 
commendation that they should do away with the .system. Tt would 
cut down exploitation once the consolidation of holdings had taken 
place. 


Dr. T. G. flhirnatno. Agricultural Marketing Adviser to the Govt, of, 
India said that the Committee had discussed the exact scope of the differ- 
ent types of Co-operative and collective farms operating in various 
countries like Palestine and Russia and various provinces and States in 
the country, but could not, come to a decision as to what exactly was cover- 
ed by terms like, collective farming, co-operative farming, joining manage- 
ment, consolidated farming, etc. For instance, in different parts of India 
the term “joint farming society” was used to convey different meanings. 
In- some provinces even societies organised for the procurement of credit 
for the purchase of seed or implements or animals were called joint farm- 
ing societies. In some other areas, societies were formed of 20, 40 or more 
landless, labourers for the allocation of vacant Government land for* cul- 
tivation and sncl) societies were given loans for the current agricultural 
operations and for the purchase of bullocks and implements. Even such 
societies wore termed ns co-operative nr joint farming societies. There 
were also instances where members of a co-operative society joined to- 
gether either, for the sowing or harvesting of the crop and such societies 
went under the name, of co-operative farming societies. It was, therefore, 
very essential to have the exact meaning and scope as to what is meant 
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by cither a co-operative farm or a collective farm or joint stock farm of 
aiiy other types of co-operation in farming, as for instance, the members 
of tiic society pprlorraing a particular farm operations jointly. . The Com- 
mittee therefore proposed Unit a Special Officer should be appointed to go 
into aJj these implications and prepare exact definitions of the various 
terms used in co-operative fanning, so that every provincial and State 
authority would know the exact scope of the different terms. The Officer 
in consultation with provincial and State authorities would then request 
the various authorities to classify the different types of co-operative fam- 
ing societies already existing in the country in the light of accepted de- 
finitions for the country as a whole. 


As regards the Government of India’s Delegation to Palestine, of 
which Dr. Shirname was the Leader, he explained in brief the different 
types of co-operative farms as developed in Palestine and said that the 
Report of the Delegation was published several months ago by the Gov- 
ernment of India. Copies of the report were sent to all the provincial 
(.Tovcrnments with specific recommendations as what should be done. The 
Delegation had recommended the organisation of a large-scale co-opera- 
tive farm in each province as a demonstration unit and indicated in broad 
outline the manner and importance of the organisation of such demons- 
iiation unit. lie, however, regretted that not a single province had yet 
prepared any pilot scheme on the basis of that recommendation. The 
mam trouble Wds thu ! thm ‘ was no specialised agency in the Government 
11,Ul ? to P rcSh continuously on the provincial and State Government the 
economic and social importance of co-operative farming for the countrv. 
ft was therefore very essential that there should be somebody in charge 
ami ori m , P n rta ^ subject in the Central Government, who should go round 

work £ thSZ 1° an< ! Statc ^Ministrations to undertake this 

rk in their respective areas at least on an experimental basis. That was 

* ? Uld be , P ° ssible t0 aiead a * d out the pra*- 
tuabihtj °f various types of co-operative farming. He was verv glad 

ment.^omc efforts’ -' V ° rk l ] nd . erfaken b J r tb ? East Punjab Gwern- 
fore request Sardar^Rnlfn^ m r d f tba t connection and he -would there- 
was ff iS f*t d 7 La l Sin * h to***** <he house as what 
colonies in tl^East Punjab!*'’ ^ 01 ' samsm " e °-operative garden and 


dev elopuTeii t 1 of* i n dus tri es tha . t , ther « shouId be 

villages as well md eni/t *1, ^ ^ 111 tke industrial areas but in the 

” rc ™ re m (treat mi 

he successful because people att™i,cd ™“ coo f r ? tiTO ,a ™ in|! '™ H 
Ugh n value to land. They M S ZJ °"Z’ , m ™ OTt “' :e to “ 
cooperative fanning or ioint 6 a d aud miless this was tackled 

unsettled areas WOuId , not b * successful. In the 

ing was not unknown Tliev f* tber smaU cooperative farm- 

their villagers contributed eqialVbv inflf i°[ C00perati 1 ve bund and 

and then tliev paid the rent nuu a- \ •, ‘ *' iahotir and bullock power 

selves. But ail mm2 S' *= JL * Mn ^ «“■ P™*™ amongst them- 

the high value attached to laud. Induct TIl ’ s Kas dne t0 

niQustry was taking away the labourers 
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by paying high wages and the agricultural labourers shifted from the 
countryside to the industrial side. The result was that they did not 
get enough agricultural labourers. Tn this part of the country the daily 
wages of the agricultural labourers had once been about -|8j- per day but 
now the rate was Its. 3 i4|- per diem. Formerly the labourer was en- 
gaged on an annual basis and they used to' get food and -clothing plus 
24 rupees a year but now it was impossible to get a man for less than 
Its. 120 a year plus food and clothing. To remedy this difficulty ho 
had suggested to his Government that they might, introduce the system 
for insurance as they had in England hi the ease of industry. They 
could have a national insurance policy and agricultural labourers might 
be given an insurance policy- so that he might be induced to stay in his 
Village and supply the agricultural labour. The Government were still 
considering and lie did not know how long it would take them t.o come to 
n decision. He suggested that there must be coordinated development, 
between industry and agriculture, otherwise agriculture was likely to 
suffer. Of course, one solution was to introduce a sort of joint farm- 
ing, as Mr. Maclean lias pointed out. They were still not clear about 
the policy of tlie Government but. there should be some sort of coopera- 
tive farming for a number of farmers joining hands for the cultivation 
of agricultural land so that, they could introduce machinery for cultiva- 
tion. 


lie also suggested that Government might declare that the debts 
of all small ticklers with less than 5 acres of land would be written off 
This would no doubt mean a lot of money but when crorcs of rupees 
were being subsidized for the import of food-grains from abroad, whj 
not lake courage and give lids concession. This would be an incentive 
for the poor cultivators to join together and cultivate together and would 
also help in relieving pressure of population on the land. 

The Chairman said that as a member of the Hoard he would like 
to offer his own comments. Members might have noticed t.hal ho did 
not preside over any of the Com mi 1 lee’s meetings. That was deliberate 
Tlis idea was that he should learn from flic deliberations at the plennry 
session the views that were held bv particular Committees on the sub- 
jects under discussion so that he might have an open mind. Tin’s was 
desirable in his opinion as when one presided over a meeting of a Com- 
mittee one’s mind became naturally more or less prejudiced by the deci- 
sions of the Committee. 

lie referred to the suggestion regarding the. appointment of a 
special officer for preparing pilot schemes and doubted whether it would 
be possible foi one officer to do such au enormous job. Dr Shirname 
said that even the report which was published and circulated to all the 
provinces and States did not. elicit e a response. About 8 or 9 years ago 
the TO Alt hadsuggesleil that Ihe Provincial Governments should put up 
mixed farming schemes but not a single province came forward with 
a scheme. ITc would therefore, like, to know from the Chairman of the 
Committee whether the appointment of one single officer for this kind 
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of work would help very much ancl also whether he would, however, be 
eLSenced he might be in a position to go and diseuss and persuade 
the provincial Governments to pat up such schemes. The other thing 
was about co-operative, collective and joint farming. With his own 
experience about co-operative farming he thought the word co-opera- 
tive ' was quite enough, to <*are anybody. Most of the members might 
be aware that he had suggested a scheme known as the Delhi Develop- 
ment Scheme. There thev were going to take 20 villages in two units. 
30 in the irrigated area and 10 :n the lion-irrigated area. In that eon- 
ncetion it was introduced to have a co-operative society in each of these 
villages and ICAK were to give them all the facilities but not any sub- 
sidy. The facilities would eons &t of improved seed, improved imple- 
ments at reasonable prices and other things. The intention was to try 
to improve the implements by Agricultural Engineers and these imple- 
ments were to be such as might be within the means of the cultivators. 
It should also be possible for the implements to be manufactured in 
tli> villages. The villages had been surveyed and the -villages were 
to be divided into 3 categories i.c., good cultivators, nmdiocres «itd had 
cultivators. An attempt, would he made to find out the reasons for this 
variation To the very first milage taken up he and his stall went 
with great enthusiasm and advised the villagers to form themselves into 
a co-operative society. Members would be surprised to know that even 
in the presence of the collector and other officers everybody refused 
point-blank. He was not, however, disappointed. Those villages were 
situated about 10 miles away from Delhi mid the villagers supplied 
milk to Delhi through the middle-men. It was intended to take over 
the milk from the villages and give the villagers slightly better profit 
than what they were getting at present. The milk was then to he sold 
to milk sellers or dairy men also 'at a better profit to the Council which 
would guarantee the purity of the product. Half, of those profits would 
be given to the villagers and half would be contributed towards their 


membership. Similarly the scheme intended supplying improved seed 
or exchanging the inferior seed belonging to the cultivator at the sow- 
ing time. Again when the crop was harvested it, was to be taken at 
a little premium after leaving what was wanted for their seed and 
for themselves. The improved seed thus obtained would then he sold 
at a higher rate. Similarly he intended giving half of the profits to 
the cultivator as a bonus and half of that for other improvements. It 
should not be forgotten that the cultivator was inherently conserva- 
tive but he was not a man who did not. know what he wanted. The only 
handicap was that he had not the purchasing po\ver. He was very 
often seared by lectures and schemes. It was necessary to create confi- 
dence in him not bv mere talks but by giving him what, would yield 
more money and increase his purchasing power. He expected that by 
this way it would he possible to enlist the co-operation of the cultivators. 


and 


Sardar Bahadur Lai Singh said that talk of co-operative farming 
joint management farming methods and tenancy improvement in 
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tenancy system , etc. -frequently emanated from people who yvere 
somewhat -visionaries and hot in touch -with village life and did not 
understand the psycology of the villagers. 

Referring to occupancy tenant system, about which there was a 
great deal of talk in India, as well as in the East. Punjab, he said 
that wherever this system prevailed the average production was low 
and he felt that the system was a great curse to all concerned. It did* 
move harm Ilian good. The tenant had little interest, in the improvement 
of the land because of psycological impression that lie was not the owner 
of the land. The landlord had no interest, in bringing about, any great, 
permanent improvement in the land as lie was not to gain financially 
from such improvement and the country suffered heavily because of low 
production from such lands. The sooner occupancy tenant system was 
abolished the better for all. Either a man should be the owner of 
laiid or be a tenant, at, will. 

- Referring to the co-operative farming, be said he bad great faith 
in co-operation as be had been interested in this work from the early 
days and had gone Palestine to see this work. He had also seen 
the working of California Fruit. Exchanges in America and other places. 
Last year in the Ensl Punjab also, in connection with rehabilitation 
of refugees some gentlemen had advocated, or even insisted on joint 
management of farms evacuated by Muslima, but the experiment had 
not proved a success. He felt. -/that even in the case of joint, manage- 
ment of co-operative farming, unless there was incentive to work and 
unless the peasant knew that he. was going to get the reward of his 
Ha hours, lie was not going to put in bis best, efforts. .The -Punjab 
Canal Colonies afforded n remarkable instance where pioneer work had 
been done, by which barren waste lands had been converted into smil- 
ing fields by the enterprising Punjabis. People who did it knew that 
by pulling in bard labour, they and their sons would lie the owners of 
land: In recommending co-operative farming or wholesale joint, manage 
meat farming, they were ignoring one important, fact, namely perohal 
initiative or incentive. If the villagers were given a 500 acre of land, 
which they were to own. and cultivate jointly and get. eoual benefits 
there would be no incentive for individuals to work very hard. At 
any rate, our villagers arc not yet, ready for wholesale joint manage 
merit, farming. 

Referring to the improvement in agriculture, nboiiT which they talked 
so niue.li in Tndia, »S\ li. LoJ tiiiir/h said llint in spite of all efforts 
there has been little improvement. The reason for ihp primitive condi- 
tion in agriculture, in his opinion, was Hint agricultural profession had 
so far remained in Urn hands of the illiterate, ignorant, class of people 
who have litlle finances at. their disposal and are unable to plan out. 
Unless and until intelligent and educated class of people with enter- 
prising spiril and necewarv capital, lake to farming as a business pro- 
position there was little hope of any improvement in agriculture.. Ad- 
vocating “occupancy tenant system” as was being done in and out 
of season in many provinces in India meant that iliis profession should 
I.IfilOAp. 
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remain the monopoly of only ignorant class of people. It was to be 
realised that agriculture was a science and reouired as much intelligence 
and labour as any other industry. 

Kef erring to the Co-operative Garden colonies scheme, 3. B. Lai Singh 
said that the scheme was devised by him in a way that it combined the 
blessings of co-operation -with the benefit of personal initiative. Co- 
operation, no doubt, was compulsory but only in certain matters where 
co-operation was definitelj r to the advantage of settlors and there was 
no alternative for them, but to co-operate i.c„ production of nursery 
plants on co-operative basis on the spot, tubewell irrigation, grading, 
packing and marketing, fruit preservation and Cold storage, but personal 
incentive was not. lost sight of as every settlpr would own his own piece 
of orchard and get reward, in accordance with the amount of labonr 
put in by him. ' *j '• ’ ri,: ; 

lleferring to the necessity of these Garden Colonies. S. B. Lai Singh 
stated that the partition of the country had brought about to refugees 
misery and untold sufferings unheard of in history. People who had 
millions were rendered paupers and those who could give away laklis 
in charity are in need of even small amount of money ; the Punjab 
that used to he the granary of India aud a surplus province had in the 
Indian Union been reduced to East Punjab, a tiny province which has 
been blend white. All the horticultural achievements of which they were 
so proud in the undivided Punjab, have been largely left in 'West 
Punjab. The Government of East Punjab wanted to develop the fruit 
industry most economically and in the shortest possible time which was 
proposed to be achieved by tbc co-opcralivc Garden Colony Scheme. Tt, 
•was intended to establish 10.000 acres of gardens in selected block of 

3.000 acres each in everv district of the Province. Each settler was 
to get 20 acres 1 who would mostly be educated people and preference 
will be given to those who had special interest in gardening. About 

8.000 applications had been received for allotment of land in these garden 
colonies, and there is great enthusiasm from the public for the scheme. 
There would he about 50 families in each colony who null form a co- 
operative society to do most of the work on co-operative basis. The 
chief defects in the ease of existing gardens were that, all the plants 
were not of good varieties, some gardens may yield 500 rupees or even 
a thousand rupees per acre and others not even a hundred rupees, 
because of the inferior variety of plants in the latter case. For the 
success of the proposed scheme, it was necessary to ensure (31 supply 
of plants of reliable varieties. (2) control of diseases. (SI proper market- 
ing and utilization of every ounce of fruit produced and all these 
factors have been fully safe-guarded and the scheme is thus a fool-proof. 
The plants null he produced on th e spot which would guarantee the 
reliability of the varieties and the cost would also be very insignificant. 
i.c., about 8 to 4 annas a plant as compared with a rupee or more per 
plant m the market. All this meant reducing the capital cost of plant- 
ing to a very small amount. Regarding diseases and their control, the 
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constitution of this Co-operative Society would make it incumbent on 
the part of the Association to get rid of the disease as soon as it appears. 

Regarding Marketing, an individual, owning an area of 20 acres of 
garden, could not be expected to send his fruit independently to distant 
places, like Bombay, Madras or Calcutta, but in this ease the total 
aggregate area being 1,000 acres of garden (although owned by 50 
persons) stocked with the best varieties of plants, the Colony Would 
be in a position to send its fruit to distant places and they can expeel 

to secure remunerative prices. 

✓ , 

Another most important factor was the utilization of waste fruit. 
Even in the best seasons and in nicely managed gardens, 10 to 20 per 
cent, of the fruit produced easily went to waste. To utilize this fruit, 
there would be Fruit Preservation or by-products Factories in each 
Centre in order to sec that no fruit was allowed to waste. There was 
also a proposal to have Cold Storage Plants to enable the settlers to 
sell their fruits in seasons of scarcitv. In addition, certain other 
industries would also be taken up which are allied to gardens, i.e., 
Dairy, Bee-Keeping, Poultry, Vegetable Seed Production, etc. He felt 
sure that these 10,000 acres planted in concentrated areas by modern 
methods would give more fruit than double the area planted in scattered, 
places. 

Mr. S. C. Boy (‘IFcst Bengal ) said that in his opinion the idea of 
some of the resolutions was quite not definite at all. They ought to be 
well defined describing the nature and scope. Bengal had been parti- 
tioned, and the permanent settlement was going to be abolished and a 
new system evolved. Therefore it would be very wise to try oUt what 
particular system of farming might be most suitable there. Any pre- 
vailing dogma should not be countenaced and co-operative, joint stock, 
or any other kind of farming as may be considered suitable for a parti- 
cular tract should be tried out on a very large scale. Members might 
be aware that poet Tagore was doing rural uplift work for over 50 
years and although spectacular sucess had been achieved, it was not 
well known in other parts of the country. He suggested that an 
account of the work done in that connection might be obtained and 
knowledge about all improvements or successes achieved elsewhere should 
be pooled and utilised before proceeding with new projects. 

* Dr. Shirname said that it appeared to him that the proposed co- 
operative garden colonies in the East Punjab were exactly on the lines 
of the small-holders’ Co-operative farms described and recommended in 
the Report of the Indian Delegation on Co-operative Farming in Palestine. 
There were some minor differences but the principles were the same. 
He further emphasised that there could not be one set of co-operative 
farm for all the Provinces and State and even for the different tracts in 
the same province or state, some variations in the organisa- 
tion and working of the different types of co-operative farms would 
he. therefore inevitable to suit the local conditions in regard to men, 
money, social and economic conditions and the current agricultural 
practices in a particular locality. As regards the recommendation made 
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by the Committee for having a separate Officer to deal with the subject 
for the whole of India, the idea of the Committee was that that officer 
should actually go to the Provinces and States and in consultation with 
the local authorities prepare a pilot scheme, something on the lines of 
eo-operative garden colony societies proposed to be set up in the East 
Punjab. 

As regards the use of the word “ Co-operative Dr. >$hh'name 
agreed that it had acquired a bad name in some of the country. It was 
a fact that in several villages the utterance of the ’mere word ‘co-opera- 
tive' scared the local villagers, lie mentioned his own personal experi- 
ence in some villages in the Bombay Province where it was possible to 
organise the farmers alter great pevsualion and without using Ihc word 
co-operative at the various discussions held for the organisation of the 
society which \\n-> ultimately registered as a co-operative society. At 
the same time, the principle of co-operation had always been appreciated 
in all villages and if the word ‘co-operative’ had got a bad name in cer- 
tain areas, it was entirely due either to bad management" or unnecessary 
scaring people who arc already members of co-operativa society by 
emphasising the various penalties and punishments stipulated in the 
Co-operatives I jaws and Utiles. 

Co-operative Credit Societies just described by S. B. Lai Singh. 
About the use of the word Co-operative lie agreed that tins had acquired 
a bad name. About eight years ago he remembered to have gone to 
organize a marketing project in the - Bombay Presidency and he had 
with him an officer of the Local Co-op era five Department well-known 
to the people of the place. The very sight of the local officer frightened 
the people. After a lot of persuation he was able lo bring them round 
and was successful in forming a Co-operative Society which was re- 
gistered under the Co-operative Societies Act, but the word ‘ Co-opera- 
tive 1 was not included in the name of the society**. 

“ * ; 

Rai Bahadur ICali Das Sawlmcy said that, the resolutions of the- 
Committee were in five parts and in part. S it was said that “ a compre- 
hensive programme of consolidation is vital to agricultural rehabilita- 
tion and that the State should not. hesitate to exercise a large measure 
of compulsion in this sphere and that eommeusurate with the progress 
of consolidation there should be development of industries not only 
in the industrial areas hut in the villages as weir’. lie thought that 
something should also he done lo prevent fragmentation. 

The Chairman enquired if the idea was that the law of inheritance 
should he changed ? 

R. B. Sawhney said that if that was necessary he would advocate 
such a change. His idea was that compensation should be given in 
cash. The question of economic holdings should be considered, depend- 
ing upon the conditions prevailing and adjustments made. Certain 
sldps had to be taken to prevent fragmentation otherwise tiny would 
first be creating the disease and then trying to remedy it. 

Rai Bahadur R. L. Sethi said that he did not subscribe to' the 
view regarding the appointment of one officer for going round. There 
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could be Uo two opinions about the importance of the subject particular- 
ly at flic present day when the various Governments were considering 
the question of the abolition of llie Zamindari System and other measures. 
They should carry out some experimental work in order to find out 
what type of farming was suitable in a particular locality. They 
should not, run straight away to legislation because stopping of frag- 
mentation 'rind changing the law ol‘ inheritance were matters which 
concerned governments and not the Board directly. Their field of work 
should he restricted to agricultural activity. Thev should try to find 
out as to what results they could get by following different, methods 
of farming in different localities and for that lie considered that the 
best way would be lhat instead of appointing one officer and asking 
him to go round, they should appoint a number of officers. The diffi- 
culty was that the scheme had not yet been sent to various provinces. 
They should frame a pilot scheme. The centre had already a large 
staff. They should be able to frame such a scheme in consultation- 
with Mr. MaeLean tlie President of this Committee who said that a 
scheme of this nature was already in progress in Baroda. They had 
already set I led aboriginals in different methods of fanning and they 
bad carried out some trials of that nature. II is proposal was that 
instead of appointing an officer and sending him round they should 
frame a pilot scheme at the Centre in consultation with the President 
of this Committee and then they should send the scheme to various 
provinces for their views and after having their views the schemes 
should lie reconsidered at the next' cold weather meetings of the Scienti- 
fic Committee and the Advisory Board. If they did so the provinces 
would naturally take up the recommendation. 

Jlr. Khirname said that he did mff quite nffr** - * with }{ai Bahadur 
Sethi’s suggestion that the question of fragmentation and consolidation 
of holdings should be left to itself and that the Board should uni dabble 
with the issue merely because il involved legislation. The question ol‘ 
sub-division and fragmentation of holdings was th* one possibly the 
most discussed not only by tlmso who were interested directly and in- 
directly in agricultural development of the country but also by all those 
who bad the interest of the country as a whole in their heart. As regards 
the second point about the preparation of a pilot scheme, he was afraid 
that there was some misunderstanding about the resolution. The idea 
was to prepare one model scheme for the country as a whole and then 
prepare pilot schemes for homogeneous areas in every Province and state 
with a view to make them practically applicable in that province or 
State. The model scheme would be decidedly advantageous in that it 
would indicate lines on which a regional pilot scheme could be prepared. 
The intention of the Committee was therefore that the Special Officer 
proposed to bo appointed by the Central Government should in the 
first instance -prepare model schemes for the different lypes of co- 
operative farming and then in consultation with the Provincial and 
Stale Departments of Agriculture and Co-operation prepare pilot schemes 
of practical applicability for the different provinces and States. For 
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tlie preparation of such schemes some centralised agency should be 
there. It. might be an officer of the I.C.A.R. or the Ministry of Agri-^ 
culture of the Government of India or something else. If that was 
not considered feasiable, one could hardly expect to see any light or 
development of co-opera the farming in the country. 

Mr. Sethi said that one officer might not be acquainted with all the 
conditions in the provinces. 

The Chairman said that the matter had been sufficiently discussed. 
If consolidation was done, it would again be spoiled by fragmentation 
in the next generation or so. They could not legislate to prevent this. 
They could only make recommendation to the Governments who might 
or might not agree. The question was whether they should take up 
this question and recommend to the Government of India that some- 
thing should be done about it. 

The other thing was about the appointment oF an officer. There 
were two views — one was that they should ask the Chairman to prepare 
a pilot scheme and then hate it discussed at the next I.C.A.R. meeting 
and the other uas that an officer from the I.C.A.ll. or the Ministry 
of Agriculture or elsewhere should go found and in consultation with 
the provincial governments prepare schemes which, of course, would be. 
discussed again either by this Board or the LC.A.R-. and then launched, 
if found to be feasible. The Chairman enquired if the idea was that 
they should recommend that an officer of the I.C.A.R. or the Ministry 
of Agriculture should go round or they should ask the Chairman of 
the Committee to prepare a pilot scheme. 

Air. MacLean, the Chairman of the Committee had informed him, 
however, that he would n t be able to do this work. Ilis suggestion 
therefore was that the A.C., the A.M.A. and the Chairman of the 
Committee might get together and amend the draft resolutions and put 
them before the Board. 


The Board approved of the suggestions. 

Mr. MacLean, in presenting the draft of the amended Resolutions 
said that he did not expect that there would he so much of discussion 
about this matter. He felt that there was a certain amount of • mis- 
apprehension which would have to be cleared up. If they read tlie 
terms of reference, it would be seen that it included a review of the 
comparative merits of different methods of improved farming practised 
fbe country such as co-operative farming, collective farming, con- 
solidated farming and so on. If they were going to review the compara- 
tive merits of different kinds of farming, they must have data which 
they did not at prescut possess. There was no collective farming, no 
co-operative farming and no joint management at. present anywhere in 
India and so they had no basis for comparison. In ordinary field ex- 
periments there was one plot which was compared with another before 
conclusions were drawn. In this case there were no data from which 
to draw any observation. It was true that, there was a scheme working 
m Baroda for testing different forms of tenure and management, viz. 
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tcnanat fanning:, peasant proprietorship, co-operative fanning' and col- 
lective fanning and the committee felt, that that scheme would produce re- 
sults. In order to get results from other parts of India they had framed 
these resolutions. They should accept that. Then the resolution would ap- 
pear entirely in different light. One of the speakers pointed out the 
merits of co-operative farming in Palestine and another gave the merits 
of collective farming in Russia. But it did not follow that what was 
suitable to the Punjab was going to he suitable to Madras .and there- 
fore nil these different attempts of farming should be tried throughout 
the different provinces aud Stales. 

As desired by the Board, the resolutions have, however, been amend- 
ed and were for consideration. 

The Chairman then placed before the Board the resolutions as 
amended and adopted. The following were the resolutions : — 

“ 1. That, with a view to testing what is the best method of im * 
proving the Social and Economic conditions of the culti- 
vators a special officer should be appointed bv t!u> Central 
Government to prepare these schemes. 

2. That the officer appointed should do his utmost, to see that 

effect, is given to these pilot schemes as quickly ns possible 
by provincial and State authorities. 

3. That the officer appointed should describe in collaboration with 

recognised experts the nature and scope of such systems 
as, co-operative farming, collective farming, joint fanning, 
joint stock farming and community farming etc. and 
submit his views to the Government of India for final 
approval. 

4. That in view of the imminent revision in the prevailing land 

systems in certain parts of India a measure of priority 
should be given to above proposals. 

5. That a comprehensive programme of consolidation is vital to 

agricultural rehabilitation and ihat the State should not 
hesitate to exerewo a large measure of compulsion by 
legislation in this sphere and that commensurate with the 
progress of consolidation, there should he development of 
industries, not only in industrial areas but in the villages 
as well in order to absorb surplus population. Tt is also 
recommended that, suitable steps he taken by provincial 
and .State Governments to prevent fragmentation of hold- 
ings as far as possible 
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Consequent on .the division of the country, lo consider measures to 
be taken, from the short-range and long-range point of view to maxi- 
mise the production of food particularly of cereals ,in India, so as to 
reduce her dependence on imports to the maximum extent possible, and 
to suggest five-year targets of increase in such production for each ad- 
ministration comprising India. 

Mr. M. S. Sivaraman, I.C.S., Director of Agriculture, Madras who 
was the Chairman of the Committee said that the subject of food produc- 
tion was of pressing importance but the food problem was not a 
temporary off shot of the war aggravated by the partition of the country. 
Increasing population without a corresponding increase in food pro- 
duction Avas a disquieting feature in the economic horizon of the country 
for some decades. Under-nutrition among the low income groups and 
malnutrition among most others had been a chronic feature. The 
remedy lay in the reorientation of the national agricultural, industrial 
and economic policies so as to ensure a rapid advance in agricultural 
production and a simultaneous increase in the purchasing power of 
the masses to enable thorn to afford the necessary energy-giving and 
protective foods at a price level which would foster agriculture as a 
competitive occupation. 

Protective foods like egg, milk, meat are luxury articles of agri- 
culture which require at least 4 times the area necessary for' raising 
cereals giving the same amount of energy. As the area of profitable 
cultivation was limited in the country any genci’al improvement in the 
nutritional standards could not be brought about unless more was 
produced from the cultivated lands than is being done at present. 
Intensive ‘cultivation was therefore a necessary prelude to diversifica- 
tion. 


The problem of increasing agricultural production could not be. 
solved by any single formula. It was a complex and ' complicated 
problem involving different aspects of social and economic life. The 
cultivator had to contend against an environment micougoniai to better 
production. The tenure and tenancy laws sometimes discourage his 
whole-hearted efforts at proper cultivation. The inheritance laws helped 
fi as mentation and sub-division of his small holdings into uneconomic 
units. Added to this ho was forced to part with his produce during 
the harvest glut to meet the demands of the tax and rent collectors. 
T >e price of some of his produce is determined by a whirlpool of inter- 
national forces over which he had no control. The various social 
and economic forces that tend to effect agricultural dovHupmmit had 
to he surveyed and eliminated. The farmer’s problems ;uv re.-dlv the 
nations problems. The slate h as therefore to step 'in and create an 
a. m ospheve for stimulating the maximum of economic production from 
each and every acre of cultivated land. J om 
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But agricultural production, unlike industrial production was not' 
an exercise in simple arithmetic us tacitly assumed in some of our 
Five-year plans of food production. Uncertain elements affect agri- 
culture, Varying variabhs play this part like soil-fertility, quality of 
seed, manuring, crop rotation, water supply, climate, rainfall, 'tempe- 
rature, 'humidity, wind velocity, rain, sunlight* weed growth, pests 
and diseases and numerous other environmental factors. And each of 
these might be as important as any of the others in its effect on produc- 
tion depending on the quantity, time and duration of its incidence 
in the different stages of plant growth. Some of these could not be 
altered in the present state of knowledge but others could be changed 
for the better. 

i * 

The Committee left aside all problems relating to social and econo- 
mic spheres. It also left out of consideration incidental problems like 
industrialisation of the country, development of irrigation projects and 
various other long-term measures though it felt that there could be no 
hard and fast line of division between the short-term yand long-term 
measures. Any measures could at once be a long-term and a short- 
term measure ; for instance, digging of wells to help agriculture was 
a short-term measure hut if we are able to dig a number of wells in 
a traet where underground water was not available in plenty we have 
to take up the question of hydrographical survey and that was a long- 
term measure. If we wish to improve production by using improved 
seeds, it was a short-term measure but the development of improved 
seeds and the evolution of pest and disease resistant strains was a long- 
term measure. The Commiltee therefore felt that it should consider 
such of the factors affecting cultivation which could be changed for the 
better, within as short a time as possible. 

Broadly speaking, there were two ways of improving production. 
One was by bringing more land under cultivation and the other by tbe 
intensive cultivation of the land already under cultivation. The Com- 
mittee therefore took up the past recommendations of the Board on 
all these matters and suggested certain practical measures which could 
add should he tackled at once. 

v ■ « 

The first question related to land utilisation or development of 
waste land. In 1945 there was recommendation that provincial and 
regional boards of land utilisation should bo set up without further 
delay and though three years have gone by no progress has been made. 
The committee therefore reiterated the same and suggested that there 
should be a survey of waste lands and sub-marginal lands with a view 
to put them to better use. The committee was of the opinion that the 
provincial land Utilisation Board should be given executive powers to 
carry out. its plans. The Committee felt that the present efforts at 
reclamation of waste lands had not produced any tangible results and 
was therefore of the opinion that private enterprise sbonld be encourag- 
ed by tlie grant of loogtferrq leases ancl by subsidising the purchase oi 
LJ@JOAR ’ * * ' 
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necessary machinery and * equipment required' for reclamation -and- pro* 
vision of irrigation. In Tinnevelly district, for instance, a private 
’;joint stock company had been formed for reclaiming waste lands, and. 
in six months they have reclaimed more than 1,000 aeres, a feat which 
had, not been achieved through any governmental organisation in Madras. 
The Committee also suggested that lands which were left hallow for a 
period of three years should be taken over by the Government and re- 
assigned to parties who were willing to cultivate them. 

The nest question considered was about the improvement of water 
supply by irrigation and other means. The Committee suggested that 
the Board might reiterate its previous recommendations, viz., the con- 
tinuance of the emergency measures now in force, conservation of 
rainfall, contour bunding, execution of irrigation projects, training of 
qualified personnel, adoption of measures to ensure better distribution 
of the existing supplies of canal water, the grant of loans on a more 
liberal scale etc. 


The committee felt that these measures alone would not be suffi- 
cient and that the Government should provide for every district 
wherever necessary units of mechinaeal excavators, power drills, air 
compressors etc. such as were used by the Military during the last war. 
The Government should make arrangements for the supply of small 
pulping sets to cultivators. The other day most of the members 
went to’ see the Poondi project and on the way they would have seen 
large areas cultivated by means of' such pumping sets. If -more of- 
these sets could be had the ryot could certainly produce more food by 
bringing larger areas under wet cultivation. By the side of most river 
courses, water could be pumped up if the cultivators were supplied 
with pumping sets. If we want to produce more food, more pumping 
sets should he made in the country or imported from outside and 
made available to the ryots. 

It must, however, he emphasized that digging of wells cannot be 
of lasting benefit unless steps are simultaneously taken to augument 
the supply of underground water. Hydro-graphical survey is im- 
mediately necessary and various measures that are adopted* in other 
countries like construction of subsurface drams, recharge wells in the 
beds of reservoirs, afforestation of slopping terrain etc., should also be 
adopted here to increase the percolation of rain water as a safeguard 
against gradual deseiceatioii of wells. 


, nextl res °lution considered was that the Government should 
.provide better facilities and grant high priorities for the supply of 
coal, cement, brick etc., required for the construction of wells. Bund' 
farmers should be made available in larger numbers for mechanically 
bunding up dry fields as a help to conserve rain water. 

, cons truction of wells should be particularly encouraged in the 
delta areas m. order, to ensure, the' early sowing of paddy nurseries 
and, early, transplantation. Shallow wells should be sunk in the paddy 



57 


folds, to enable the raising of nurseries without wait&g fof the supplies 
of water in the Irrigation channels. Experiments in. Madras have shown 
that early transplantation increased the yield of paddy, 'in the 
Godavari and -Tanjore districts there are over 2 million acres of paddy 
fields where cultivation starts after the water is let into the irrigation 
channels, hut if wells are sunk and cultivation is started early it is 
. possible to increase the yield of paddy by iO per cent, from this 
measure alone. 


Subsidies should also be given for the excavatioh. of small ponds 
not exceeding 10 per cent, in extent in paddy lands with a view to 
rear fish and raise nurseries. The earth removed from such pouds 
could be used to raise the level of the surrounding area to help produc- 
tion of fodder and vegetables. A pond 15 feet deep will contain enough 
water even in summer in some of the deltas in Madras. 

The next aspect of the problem was the production of manures and 
.manufacture of fertilisers. The committee reiterated what the Board 
had already recommended viz., that assistance should be given by the 
Government of India to encourage the greater utilisation of composts 
made from town refuses. The committee felt that a certain amount of 
compulsion was necessary and required the Municipalities to take to the 
composting of municipal refuse. 

The committee recommended that .adequate provision should be 
made for the supply of ammonium sulphate and phosphatic fertilisers. 
There was a huge deposit of rock phosphates in Trichinopoly district, 
which is estimated to he 8 million tons. In the past we have tried un- 
successfully to make super-phosphate out of this and this year steps 
have been taken by the Madras Government to permit the erection of 
a 10,1300 ton factory for the manufacture of fused phosphate from rock 
phosphates. 

The manufacture of fertilisers has not received the attention it 
deserves. Our vision is so limited that we look, upon the Sindhri factory 
with its estimated production of 3h lakhs of tons as a tremendous 
achievement but it should he remembered that Madras alone can absorb 
tliree times the estimated production of the Sindhri factory. No doubt 
there is a limit to the production., of Ammonium Sulphate as Ammonia 
is not a bye-product in the manufacture of coke as in other countries 
and the supply of coke, coal ’br charcoal . is limited in our country. 
'Our future development of agriculture depends on the manufacture of 
a nitrogenous fertiliser which can be made from the resources easily 
available in the country. The Nitrate of lime offers distinct possibilities 
of development as Nitric acid can be synthesised from the air with 
the help of electricity and Calcium is available in plenty. Norway has 
’made rapid advances in the development of Calcium Nitfate as 'a ferfci- 
. liser and if we can overcome the drawbacks 'of calcium nitrate, its 
deiiguence and the 'difficulty in ltaridliUg wi^ should enter 'upon an era 
/of revolutionary progress Six IiL'dian Agriculture. 
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The next resolution dealt "with more intensive use of organic 
manures such as Fawn Yard Manure, composts, oil eakes, green leaves 
and all waste products of agriculture. In this connection the possi- 
bilities of raising quick growing shrubs like Glyricidia maculata and of 
plants that were not browsed by goats like Galatropis, Adhatoda Vasica, 
wild indigo etc., on all waste lands, canal and tank bunds, sides of 
road and railway tracks and all places which were not put to more 
profitable use should he brought home to every cultivator. The tropical 
land lacks liumus. We have to raise trees, plants and shrubs to get 
the organic matter necessary to add humus to the soil and the only 
way of doing it is to start growing more plants everywhere. A paddy 
'grower might grow green manure in his field but this is not always 
possible, but Hi ere was one way in which ibis problem could be uni- 
versally tackled and that was by growing suitable plants on the bunds 
of paddy fields. Experiments in Madras have showed lhat the paddy 
fields yielded about 20 per cent, more if ji,0 00 to 6,000 lbs. of green 
leaves were applied. A Glicricidia plant grown on a paddj T field bund 
would produce e-very year 300 lbs. of leaves from the third year and 
in a paddy field there were over 400 yards of bund per acre. There 
was therefore no dearth of space for growiiig Glyricidia without deteri- 
ment to the yield of the paddy. Colotropis can also he successfully 
raised on the field bunds in sufficient quantily to supply the needs of 
the paddy crop. 

The next resolution was about the conservation of farm yard manures 
and propaganda to stop the use of cattle dung as fuel. The ryot 
knows the value of the dung both as fuel and as manure, but if be can 
get other fuel he rarely uses the dung. Fuel can be readily supplied 
only by growing trees. The State must see that in every possible 
place rapid growing trees and shrubs are raised by the cultivator with- 
out detriment to cultivation. 


The next resolution which looker! rather novel was that there should 
be a prohibition against the indiscriminate rearing of goats by persons 
who had no facilities for the purpose and that licences should be issued 
for the rearing of goats. This measure is necessary to ensure that 
young plants • and trees required for use as manure and fuel are not 
destroyed by these animals. The goats are the most destructive of all 
animals and the earlier we take steps to minimise the raveges of goats 
the sooner we will reach a better level of production. As the Yice- 

t^™Zri a h -° .° th0r day> in New Zealand the sboot *S goats was 
b f e i TOag f oney mvards - Similar measures arc necessary 
m the interests of our forests and cultivated lands. 

'ZK* rela , tsd t0 tl,e Station of improved seeds, 
xf 1 d \ &c ? ty we baTC experienced was in maintaining the 

XkL d6 u l0P f at great ex » ense and ^our ^ the research 

stations. The Agricultural Research Stations send out evcrv year a 

small supply of nucleus seeds hardly sufficient for a few acrS and we 

supposed to spread then to all cultivated lands. A practical step 
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in achieving this would be to see that the , seeds sent out from the 
Research Stations are developed in Dislrict Nucleus farms under the 
supervision of an expert. At present ill-paid demonstration maistries 
who do not know the importance of proper roguing arc in charge of seed 
development in most provinces, but we must stop this penny-wise and 
pound-foolish policy uliich results in indiscriminate mixture of impure 
seeds. If there is a Crop Assistant to attend to the proper multiplica- 
tion of improved seeds on 50 acres in every district, it should he possible 
to cover all the paddy areas in Madras with pure seeds in the course' 
of three years. 

i 

The seeds developed in the nucleus seed farms will be supplied 
to registered seed growers and it will be the responsibility of the Crop 
Assistant to test the seeds raised by the registered seed growers. 

I must here invite special attention to an observation of the Com- 
mittee which is of fundamental importance. The Five Year plan in 
Madras and possibly in other provinces contemplates spreading of im- 
proved seeds to millions of acres but no special provision has been made 
for manuring these lands. If we nsc the improved seeds and take 
awa 3 «' more of the nutrients front the soil we may reach a stage when 
the yield would go down unless we take simultaneous measures 10 
manure the lands. A ryot cannot produce ammonium sulphate hut he 
can plant shrubs and develop liis supply of organic manures. 

The committee has reiterated some of the previous suggestions re- 
garding vegetable and fruit production and suggested that quick grow- 
ing fruits like papayas, bannanas and pine-apples should he raised. 
Papayas should be raised for demonstration purposes in school gardens. 
In the South there was a good lot of prejudice against the papayas 
and if we raise the papayas inschool gardens and the school children 
get used to them it should be easy to overcome such prejudice. The 
Committee endorsed the recommendation of the Bengal Famine Com- 
mission that more root crops which would give more tonnage per acre 
should be raised. 

As regards the manufacture of improved implements and farm 
equipment at a cost within the reach of the average cultivator the 
committee felt that the Government of India should call for a 
conference of agricultural engineers of all provinces and States. We do 
propaganda for the use of implements brought from other countries 
and developed to suit the soil conditions of foreign tracts : It was 
time we developed implements suited to our soils. The Indian ryot 
has been accused of using old-world implements like Ihe country plough. 
But it should not be forgotten that the country plough was a cheap 
multi-purpose implement which could be used for ploughing, harrow- 
ing, drilling and other purposes. If we want to improve upon the 
indigenous implements we must develop implements which would have 
a multi-purpose object in view. , , , 
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“The Committee emphasized the importance of plant protection. 
If we neglected to protect the crops we cannot produce enough food. 
There should be closer integration of plant protection programmes Of 
the different provinces as there was no point in tackling the pests in 
one area and allowing the infection to spread from another. Concerted 
measures are nccesary for dealing with plant pests and diseases and 
legislation should be resorted to. 

As regards publicity and propaganda the Committee desired that 
fuller co-operation of cultivators should be enlisted through organized 
bodies like co-operative societies, agricultural associations etc. Another 
important recommendation was that we should publish in popular 
language the results obtained in the experimental stations as at present 
very few outside the Agricultural Department were aware of these 
results. We should also make the fullest use of mobile cinemas in 
rural publicity. 

There was also need to create an agricultural bias in the minds 
of young people and for this purpose the committee thought that the 
general principles of agriculture should be introduced in secondary and 
training school syllabuses and if possible in the elementary schools 
also. 

The next resolution related to the Five-Year plan which envisaged 
the sale of seeds, manures and implements. At present agricultural 
graduates who have undergone training for three years in scientific 
agriculture are expected to sell groundnut cake, Ammonium Sulphate 
and seeds ! It is high time we entrust tiiis work to non-teelmieal men 
so that the agricultural officers might attend to their legitimate techni- 
cal work. 

The Committee was of the view that there should be at least one 
model agriculture village in each sub-division in places where fairs, 
festivals and weekly markets are usually held. In such places the 
advantages of adopting the recommendations of the Agricultural De- 
partment should be demonstrated in compact areas with view to con- 
vince the ryot about the advantages of the improved methods. Annual 
prizes might be awarded in each village to cultivators who produced 
the best results. 

The committee was required to fix production targets for each unit 
of administration. To do this we must know the dietary habits of the 
people and the present level of production in the different states and 
provinces but the information on these points was not available. The 
Committee has therefore suggested that the necessary data should be 
got from the provinces aud Slates so that the matter could be pursued 
further. 

I have briefly surveyed the various suggestions and recommendations 
-'of the Committee. This subject of food production has been dealt with 
on former occasions by this Board aud there can be therefore iio novel 
or startling suggestions. The only way in which more food : ean be 
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grown, is by a rigorous application of known principles of scientific- 
agriculture to the land. We have suggested many resolutions. If only 
we can make the State and the ryot resolve to adopt the resolutions 
and carry them out expeditiously we would have made a real contribu- 
tion to the solution of this complex problem. 

The Chairman said that the subjects dealt with by the committee were 
vitally important. It appeared that the committee had worked very hard 
and had achieved a great deal. He had no doubt that some of the recom- 
mendations made would be of great advantage to the ryots if they adopted 
them in practice. He noticed, however, that most of the points examined 
by the committee had been dealt with in, the Memorandum of the Indian 
Council of Agrucultural Research prepared by Sir Pheroze Kliaregat, as 
its Vice-Chairman. It might have been much better and easier for the 
committee if those suggestions which were made in the Memorandum had 
been -kept in view in examining the proposals. Had it been possible for 
the co mmi ttee to find out to what extent the recommendations in the 
I.C.A.R. Memorandum had been implemented and what was still left 
over to he done, that would have been better still. The committee would 
then have been in a position to suggest something concrete. Judging from 
the importance of the matters it might have been necessary for the com- 
mittee to discuss them more fully if they wished to consider them in 
the light of the previous recommendations. As such a detailed consider- 
ation was not now possible he thought that it would not be right for the 
Board to accept the recommendations in toto as some of the members 
might have some modifications or criticisms to suggest Prima facie most 
of the suggestions were very good indeed but he invited the opinion of 
the House if the Board should forward these recommendations to the 
provincial and State Governments asking them for their views. The 
I.C.A.R. might also_be asked to state what action had been laken on 
the suggestions which had been forwarded to them before. 

Sardar Harchand Singh, Patiala, said that it would he better to send 
these proposals to the provinces and States and to get their opinion. 

Dr. H. S. Pruthi, Plant Protection Adviser to the Government of 
India, said that h,e was not in favour of the proposal and he felt that if 
they sent these recommendations to the provinces and States, they would 
certainly like to know what was the view of the Board. He did not think 
there would be much difference of opinion and he suggested that tho 
members might be asked to offer suggestions for modifications, if any, 

Mr. MacLeaa was in agreement with Dr. Pruthi and said that as far 
as he could see there was nothing novel in these recommendations. Most 
of them had been considered before and had already been put into opera- 
tion. There was nothing contentious in the conclusions. With one recom- 
mendation, however, relating to the “poor men’s cow” he was strucked by 
the courage of tlie committee in daring to recommend that the goat bo 
destroyed or licensed. Apart from that, he did not think there was any 
contentious recommendatin and they might adopt them. 

• Rai Bahadur R.- L. Sethi said that this question had been discussed 
many a tim,e and. it. was for 'tho Government of India to implement these 
suggestions, He would, like to point out, however, that Mr. Sivwaman, 
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while rightly laying stress on the food crop, did not take into account the 
question of weed control. Some methods should be evolved for this pur- 
pose. If something could be done to control weeds, it would go a long way 
in increasing the food production. In America a good deal of money had 
been and is being spent on this aspect and they had evolved some sort of 
a machinery by which they claimed that one farmer in America could get 
as mueh as one thousand farmers in Japan. The I.C.A.lt. had not sanc- 
tioned any scheme on the removal of weeds and if it took up this work or 
invited the various provincial or State Governments to submit schemes 
in this connection that would certainly be helpful. Mr. MacLead had 
said that Japan had been able to raise mueh higher yield per acre than 
India and suggested that a deputation should be sent to that -country to 
find out what particular methods were adopted there. In spite of all they 
were doing, the yields were going down and down. This was a very serious 
matter and if a man was deputed to write a small note ,or a small booklet 
in six months it would be very helpful to the country and the I.C.A.R. 
could publish it for information. 

The third suggestion in this connection was made by Dr. Desai on the 
production of gas from cow dung. This should he considered by the Board. 
In this connection there had been a suggestion to study the experiments 
that were being carried on in China in making compost from waste pro- 
ducts. The committee felt that no progress had been made in India in the 
matter of production of composts from waste products of urban areas and 
recommended that the making of composts should be made obligatory in 
cities and municipalities and wherever organised panchayats existed. 

There are the three items on which some action might he possible to 
take, otherwise the note of the committee might be recorded and the work 
appreciated. Dr. J. N. Mulch erjee said that the committee had taken great 
pains in practically lajdng down categorically the various ideas and items 
of work which had a bearing ou the improvement in agriculture. Their 
thanks were due to the committee for bringing within a short, compass a 
few important points which had been dealt with in many publications. He 
had, however, one difficulty and that was that so far as he could read from 
the terms of reference of the committee it was perhaps expected that the 
recommendations would deal specifically with measures to be taken from 
the short range and long range point of view to maximise the production 
of food, particularly in India consequent on the division of the country. 
That seemed to be the mos 1 important part of the terms of reference. Now 
what was the result of the division of the country? The general problems 
were there before the division of the country into Pakistan and India and 
still they were there. But after the division of the country three important 
commodities, viz., cereals, jute aticl cotton, had become' insufficient from 
the production point of view in the Indian Dominion. The question now 
was how to increase the yields of these commodities? It would have been 
much better if the committee had made some suggestions about this. 

Secondly because of the, absence of relevant information and data it 
was not possible for the committee to suggest something concrete for crop 
planning. So far as the report was concerned it was not possible for the 
committee, for the reasons explained, to make specific recommendations 
-W espppted. Therefore in view 9 £ these facts he was inclined, tq thinj? 
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that the latter of the two alternatives suggested by the Chairman would be 
better, namely that the Hoard might say that the general aspects of agri- 
culture, improvement and production in India had been dealt with by the 
Kliarcgat Memorandum and the committee had examined the subject in 
detail and had collected the essential points. The attention of the pro- 
vincial and Stale Governments might then be drawn to the suggestion and 
they might be asked to say how far the recommendations in the Kharegat 
Memorandum had Lccn implemented and what they thought about the. 
various suggestions made by the present committee. The question of 
cereals, cotton and jute might be referred to specifically. On receipt of 
replies it might be considered as to what steps could be taken. Coming 
to the actual recommendations, while he agreed fully with most of them, 
there was cer'ain difference in the sphere of feasibility. When they made 
a recommendation they had to see that the recommendations were feasible. 
On the points of desirability there was no difference of opinion but only 
on the question of feasibility. Taking the question of pumps, if they were 
of deep boring types and engines were to be used then they would require 
to be driven by petrol. Already there was a shortage of petrol and the 
Government of India were thinking of getting petrol from coal. It wafc 
not difficult to fit in a thousand pumps or even tens of thousands and 
hundreds of thousands, for they were sending 80 erores of rupees to other 
countries for the purchase of food stuffs. lie thought he would not he mis- 
understood if lie pointed out the practical difficulty. There was no means 
for running this scheme. There might he a possibility that they might not 
have any pe'rol in reserve as il might be required for Defence purpose*. 
The next question was of phosphate. It might not react under all condi- 
tions of soil and there should not he a general resolution. 

Mr. G. A. Maebean supported Dr. Mukherjee’s views. 

Mr. Chavan, Bombay, said that under protection, they stressed only 
protection against insect pests. lie thought the major trouble was .the 
animal pests. They found that hats and particularly monkeys had been 
doing ravages witJi the crop and there were still sentiments against such 
animals. While they were shooting human beings whv animal pests which 
were responsible for great damage to this crop should not be destroyed? 
The departments had been recommending Hint licences for fire arms should 
he issued. Tn Bombay, even if licences were issued to the people they were 
not able to get guns as thev were not manufactured in Tndia and lot of 
difficulty was experienced in procuring them. 

The second proposition was the protection of the farmer’s laud. Lot 
of areas were going waste and had gone waste on account of the ravages 
of the wild animals particularly in the forest regions. There was large 
areas in Bombay which could ho developed. Then there were weeds. They 
had been trying to do away with weeds but with little success. There was 
a great scope for this type; of work by which land areas could be increas- 
ed. 

Dr. Bal supported fully what Dr. Mukherjee had said but in view of 
the difficulty m tbe collection of the data he suggested that it would be 
desirable to' impress upon the Government o£ Indty jo fqke the census {$ 
an early date and collect the dat<i crop-wise, 

1,1 CTO AB 

i«^» - * » 
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Mr. E Chatter ji referred to resolution No. 3 in connection, with, 
manures and fertilizers where it was stated that n continued assistance 
fron. Central Government was necessary. While he agreed with the spirit 
of the resolution he invited attention fo one very important aspect sug- 
gested in Dr. Keen's report on “The .Agricultural Development of the 
Middle East”, in regard to the ultimate fate of organic matter in thtj soil. 
Dr. Keen said that the way in which the changes occured in the soil had 
generally hecn studied more under temperate, than under tropical, climate 
and the inference drawn from results of temperate regions was. not r-o- 
hably applicable to the other region. The decomposition of organic matter 
in the soil was essentially a process of oxidation and under the Middle 
East conditions the nitrogenous plant nutrients might he lost as gaseous 
products. The same applied under Indian condition. The result was that 
whatever organic matter, such as cattle dung, compost, etc., was applied 
it was oxidised within a short, period leaving the mineral residue, as if the 
organic matter had been burnt and nsh left. Dr. Keen had therefore point- 
ed out that unless some system of husbandry could be devised in which 
the crop could utilize a good proportion of nitrogen, the advocacy of in- 
creased organic manuring as a means of increasing soil fertility was hard- 
ly justified. If a small proportion of its nitrogenous part was utilized by 
the plant, it offered a good cose for the usual custom so generally con- 
demned for using dung as fuel as this would leave the mineral nutrients 
as ash which could be returned to the soil and in which form it was more 
readily assimilable. 

Mr. Chatter;ji then referred to the question of compost mailing and 
said that its preparation involved much 1 cost and transport charges of 
such material from town refuse would also be appreciable. Its economics 
needed study. On the other hand green manuring did not offer anj' such 
difficulties. It provided plenty of organic matter and leguminous green 
crops enriched the soil through the fixation of atmospheric nitrogen. The 
cost too was much less. 

The third point was in connection with the growing of trees for fuel 
in order that farm yard manure could he conserved. He found that the 
growing of trees was generally done in a haphazard manner and suggest- 
ed that this should be done on a planned basis, so that cutting and felling 
might he regulated and selection and arrangement could be designed in 
a planned and artistic manner, melding an economic return of fuel. 

Mr. Lnxaman Kao, Superintending Engineer, Mysore, said that under 
Recommendation No. 2, improvement of water supplies by irrigation and 
"other means, an item for the construction of high reservoirs should be 
added, as water was an essential requirement for agriculture. In order 
to step up food production it was necessary to increase the water resources. 
For increasing large quantities of water, it would be advisable to construct 
large reservoirs to harness the river waters that went waste, and turn them 
\ to land for the service of agriculture. 

The Chairman said that it had been proposed by Dr. Mukhcrjce and 
seconded^ by Mr. Maclean that they should send these recommendations to 
the provinces and States. Similar recommendations ns had now hecn made 
had already been forwarded and flic Board would very much like to know as 
to what had been done and what remained to ho done. On receipt of all 
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the replies, this matter might he considered either at the I.C.A.R. meet- 
ing or by a special committee. 

Dr. J. K. Basu inquired -whether all the points raised by the various 
members -would be incorporated in the circular. 

' The Chairman said that they had discussed the report generally but 
had not examined the recommendations point by point. The recommenda- 
tions -would be forwarded to the provinces, and States as suggested by him. 
It would not be right to communicate the various opinions expressed by 
members at this stage. 

The Board agreed to the Chairman’s suggestion. 4 ! . j 


-"SUBJECT No. 71. ’ 

To review the measures adopted to increase the fodder production 

. * « 

(a) -selection and propagation of perennial cultivated grass, « 

! 

(b) improvement in rotational grazing, 

(c) exploration of new fodder crops in addition to improving the 

existing ones. 


(For report of the committee see Appendix VI). 

Dr Parija, the Chairman of the Committee, in introducing the sub- 
ject, said that the committee hold a general discussion and came to the con- 
clusion that no systematic studies of these grasses had been made 
in some provinces and at the I.A.R.I. some work had been done but tho 
work had not progressed far enough to lead to any detinue 
conclusions. They also realised that in the provinces there was no 
special staff to study these problems and noted that the cultivator 
had not taken up the cultivation of fodder crop because be did not appre- 
ciate the indirect benefits which might be received by growing these crops. 
So, the resolutions that were formulated were based on these considera- 
tions, The first resolution dealt with the suggestion that the provinces 
and the States should establish their Agrostologieal sections to study the 
problems from all aspects regarding fodder cultivation and increase ot its 
cultivation. The second resolution was that the cultivators should get 
suitable grasses and legumes recommended to them by the departments ot 
agriculture andfor 'animal husbandry and that they should be encouraged 
to grow fodder by giving them certain concessions These _ concessions 
should be subsidised by sale of seed, bounties and cash concessions m water 
rates and in certain areas where assessment was made for tax fodder culti- 
vation should be exempted or abatement of tax should L be allowed lb© 
committee also suggested that the department to be .created for agr SjP 
should study the comparative merits of various grasses and their nutn 
tive values and suggest most suitable grasses to the cultivators. J 
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■The next question, ■was the possibility of utilising waste lands in the 
villages. The suggestion was that field bunds and tank banks should be 
explored. In this connection the committee recalled the resolution that 
had been passed at the sixth meeting. This resolution suggested the crea- 
tion of land utilisation boards in the various provinces. While discussing 
the utilisation of waste lands the forest officers present at the committee 
stated that they were dealing with forest lands. There should be some 
authority to deal with the waste lands in other areas but there was no 
such authority at present. The Revenue Department was not likely to 
undertake this. Therefore the committee recommended that Land Utiliza- 
tion Boards should be created forthwith in the provinces and their members 
should be entrusted with the management and planning of fodder cultiva- 
tion in waste land in their jurisdictions. 

The next point related to rotational grazing. The information avail- 
able to the committee showed that in some provinces rotational grazing had 
been tried with success. But there were certain difficulties that came to 
the notice of the committee. The first one was that there was not sufficient 
water supply for the cattle in the area Jet off for grazing and it was neces- 
sary that with improved rotational grazing steps should be taken to sup- 
ply adequate -water to the animals. The second difficulty was that reserved 
areas even in the forest were covered by useless shrubs hampering manage- 
ment. It was therefore suggested that these shrubs should be ^removed 
in order to make the land fit for grazing and the growth of grasses. Here 
also the Land Utilization Boards came in because they should make plans 
for rotational grazing even in waste lands outside the forest area. Regard- 
ing exploration of new fodder crops in addition to improving the existing 
ones, the Committee came to the conclusion that the proposed agrostological 
section should be entrusted with this work. It should undertake the col- 
lection of various types of grasses and other fodder crops and if necessary 
the centre should collect these plants Avhere the provinces were not able 
to collect and supply them to the provinces for trial. Then they also sug- 
gested certain crops whose seed was pure and those working on fodder 
crops said that Berseem was a crop which did not easily set seed. The 
Committee was of opinion that steps should be taken lo improve the setting 
„of seed. They also suggested that the farmers might be encouraged to 
keep bee-hives because bees helped in the setting of seed. Last of all )jt 
.was felt that there was no complete illustrated hand-book in India on fod- 
der and grasses and other forage plants like legume and the recommenda- 
tion was the I..C.A.R. might undertake the compilation of such a book 
which would be of use to^ those who were concerned in pasture manage- 
ment and fodder cultivation. 

• - Rai Bahadur R. L. Sethi said that in regard to the production of grass 
seeds in the waste lands, a suggestion had been made by Mr. Banerjee in 
one of his notes on “Grazing problems in the sub-marginal lands” that 
lands outside the forest areas with a certain slope when covered up with 
grasses and fodders, would not only be helpful in increasing the fodder 
supply but would also be very helpful in checking erosion. The co mmit tee 
probably-had not taken that into consideration but this was very important. 
Action should be taken to conduct a. survey of grasses in those areas if 
not already done. I.C.A.R. might invite schemes about this. 
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The other thing was that a lot of grascs was available in the reserved 
areas but little outside llie forest. It was suggested that transport facili- 
ties should be provided by the Government. The committee had not made 
any recommendation in this respect. Jn connection with the arrangement 
for the supply of seeds to the cultivator stress had been laid on -the supply 
of berseem. It was not only the supply but the production that presented 
difficulty. This was due to the fact that good seed could not be produced. 
Formerly good seeds wpre obtained from places outside India and the diffi- 
culty had now arisen due to changed circumstances. Definite action was 
necessary to ensure the production of berseem and other fodder crops. 
The I.C.A.R. had already made a request 1o the Australian Government, 
who were sending an expedition to South America for collection of grasses 
and fodder crops to collect some on India’s behalf. The material, if re- 
ceived, would be of great benefit. He was not, however, in favour of sub- 
sidies to growers because experience bad shown that, once the seed could be 
produced, the cultivator look to the cultivation of seeds on their own. He 
thought that neither propaganda nor subsidy was called for. 

Dr. Mukherjcc said that he welcomed the recommendations of the 
committee which did great service by drawing attention to certain aspects 
on which action could be taken immediately. Regarding forest grazing 
land he was not aware if any systematic attempt had been made to im- 
prove the grazing areas by deliberately introducing legumes which would 
improve the nutritive quality or the yields. There was a great field for 
work on this. Secondly, they had to take into account that many of these 
forests were inaccessible and distributed in pockets in the country. People 
had to depend on whal they could get as waste product of agriculture 
such as straw, very poor quality of grass, clc., and that too not in sufficient 
auanlity. Therefore they should think out what could be done. The most 
important thing was to consider the possibility of introducing legumes in 
crop rotation. It was a question of selecting them properly and fitting 
them to particular regions as also in the crop system. The idea of starting 
agrostological sections was very welcome. Simultaneously with the bota- 
nical aspect, they had to consider also aspeels like manuring. Proper 
manuring of legume was also very much necessary. There was. an obvious 
omission of this. The members of this committee must have got this in 
view but some specific mention must be made of the aspect. They must 
also search for suitable types of grasses. Australian experience bad shown 
that often certain tj^pes of grass failed when an attempt was made to in- 
troduce them in another country. 

Regarding the question of encouraging the peasants, he was afraid, he 
differed a little from Rai Bahadur Sethi. He did not see why people should 
fight shy of making contributions and subsidising the poor tillers of the soil. 
Regarding the possibility of utilizing waste lands the main thing was to 
arrive at some sort of land classification. They should not proceed blindly, 
but should first find out the methods definitely, how to do it and what were 
the best uses to which a land could be put to. Having arrived at a broad 
conclusion, they could plan out. 

Rai Bahadur Kalidas Sawhne.v said that a greater part of the country 
received rain .during limited intervals and it was necessary that they 
should recommend some measures for conserving what they produced dur- 
ing the 'rainy season. He suggested therefore that the recommendations 
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should include (1) ensilage of forest grasses and (2) preparation of hay 
and pressing it into bales. During the war, large quantities of hay were 
preserved in different parts of the country. Hay bales could be preserved 
during the season when fresh grass was available. He stressed that some- 
thing of that type should be attempted as a regular, means of conserving 
fodder supplies and a definite recommendation should be made on the sub- 
ject. 

Mr. Cherian Jacob, Coimbatore, said that in Madras Province they 
introduced rotational grazing in 9 large forest areas and in all of them 
except probably one it was a grand success, they could even put double 
the number of cattle in the same area. 

Dr. Mukherjee asked whether any legumes were specifically introduc- 
ed in the forest areas to improve the quality. 

Mr. Cherian Jacob said that Madras was mostly a dry area and there- 
fore there was no perennial Legume to be grown all the year round. They 
grew in the Northern districts of the Madras Province Sunhemp and 
Phaseolus trilobus in rotation with paddy in about half-a-million acres. 
About a week before the harvest of paddy Sunhemp seeds were sown in the 
standing paddy crop and in about 70 days time it came to flower and at 
that time if’ would be about 2^ feet in height and at that stage, the top 
half of it was cut and left in the filed 'to dry and when dry, it was stacked 
in laternate layers with paddy straw, thereby the nutritive ratio of the 
paddy roughage was very much increased. The bottom half was ploughed 
into the soil as green manure. That practice being beneficial both to cattle 
and paddy crop, he recommended it to be 'grown in all paddy growing 
areas throughout India. Those duel purpose Legumes benefited both 
cattle and paddy crop. Without the efforts of the Agricultural Depart- 
ment the ryots of those districts were growing those fodder-cum-green 
manure plants for a good many years then. 

lie was growing a dozen important perennial fodder grasses collected 
from the forests and waste lands at the Central Farm, Coimbatore for the 
last one-a-half decades. He was able to get three harvests of fodder begin- 
ning from the end of October even though the average rainfall at Coimba- 
tore was only 20 in. per annum. He pointed out at one of the meetings of 
the Provincial Fodder and Grazing Committe that if an harvest of fodder 
was taken in Oetober-November another harvest could he taken in Decem- 
ber- J aim ary thereby cent, percent, increase in the output of fodder could 
be affected. One important point to be observed in that connection was 
to conserve every drop of rain water received by bunding or .trenching 
along the couutours. 

As regards an Agrostologist, as far back as 1919, Madras had sanc- 
tioned a post but that post was not filled up. ne was glad that the com- 
mittee had definitely recommended the appointment of an Agrostologist 
and the creation of a section. 

Mr. Jacob said that there were lakhs of acres lying waste or covered 
with shrubs which were of no use to any one. Grasses "required least depth 
of soil. If one wanted to cover the earth or any portion of earth without 
much attention for the needs of men grass was the easiest and quickest for 
such purpose. All waste land should be used not only for covering with 



grass but should be broken up and sown with suitable indigenous grasses 
so that the\' could find out definitely under cultivated conditions whether 
they could increase the yield. In tlie efforts to grow food crops for men 
people generally were unwilling to try anything else. It was a very sorry 
state of a flail's, lie requested that this Conference should recommend to 
the Governments concerned that every effort should bo made to see that 
green fodders were cultivated with all tire help that the State could extend, 
lie. found that in Coimbatore people took some interest in the Kangayam. 
tract where the. Kangayam breeds ol‘ cattle were bred. These areas were 
ploughed once a year and there were babul trees. The grass grew well. 
These areas were also ploughed once in five years and sown with a mixture 
of Serglmin. When the crop was removed, the grass was allowed to 
grow. 

Mr. Sivnramnn said that lie fully endorsed the recommendations of 
this committee and also the suggestions of Kai Bahadur Sawlmey about 
silage. The possibility of utilising the sewage water of the municipalities 
might also be explored. In Madura they hail a Sewage Farm running for 
about 25 years mid they were growing many grasses. The production of 
grass there was phenomenal, about 100 tons per acre. Tho JIon‘ble 
Premier in his speech pointed out that in Madras city they were wasting 
the sewage water into the sea. In going into the question of profitable 
utilization of this water they were faced with certain difficulties. The 
land where it could be. easily taken to had to he studied. Experience in 
Madura and Bnngalorr* showed that if such soils were grown with crass 
and irrigated with sewage, water, they would show a great improvement. 
The problem of sewage sickness also had to be investigated. In respect 
of other recommendations, in so far ns Madras was concerned, they al- 
ready put up a scheme for opening an Agrostological Section and they 
were going to carry out research in grass and fodder grasses and tho 
scheme would be sent to the T.C.A.lfc. in due course. They were also 
conducting experiments on some of the exotic grasses and found that one 
type of Australian gra«s was highly drought resistant, lie suggested that 
the trials of this grass be taken up in other parts of the country also. 

Mr. J. Ali said that in Bombay also there was a great scope with a 
large number of areas which could be multiplied and probably legumes 
and grasses could be grown. Not only could it improve the value of the 
pasture areas hut it would also be useful for preventing erosion on slopes 
and pasture lands. The committee had made very important recommenda- 
tions. As a lot of grass area lay in the forest, it was necessary to get the 
full co-operation of the Forest Department in regard to the improvement 
of the pasture areas there. Dr. Mukhcrjee had raised the question of 
introducing legumes in the grass land. This was connected with the 
question of re-seeding the legumes grass mixture consisting of four or five 
varieties. Some work in tho provinces had shown that when the area was 
re-seeded, one or two varieties were found to be suitable and they were 
able to eliminate ibo undesirable varieties. Another point was that in 
tho forest areas sometimes there were grasses which were not of much 
nutritional value. .Such poor grass had been wiped out by tlic introduc- 
tion of a grass mixture consisting of certain legumes. In this ease also the 
>worlr done there had shown that if these grasses were cut or ensilaged 
before they game into flower, they could be made use of, otherwise they 



would be absolutely lost. In addition to that, there was the question of 
the prevention of soil erosion. - Suitable grass mixtures had to be selected 
Which may be of high nutritive value which may be efficient also from the 
point of soil saving. He therefore suggested for the consideration of the 
House that some suitable recommendations might he made seeking the co- 
operation of the Forest Department as the grasses were mostly found in 
the forests. The cultivators had little areas in which to grow grass. In 
regard to the fodder grass the Agricultural Departments should shoulder 
the work, but Forest Department’s co-operation must be sought in regard 
to others. 

Mr. Jabar Ali said that an experiment was going on at Kandiville 
where grasses were grown on the side of the roads along with some legu- 
minous trees for shade. Whenever they made tip a collection of grasses 
they also collected a certain amount of leguminous growth and the two 
together made excellent fodder. From the last two years working they 
were able to collect 250,000 lbs. of fodder during the year. This would be 
helpful in solving this problem of fodder and be would like to bring this 
to the notice of the Board. 

Itai Bahadur Sethi said that besides leguminous grass attention should 
also be paid to the breeding of root fodder like mangolds and other crops. 
A recommendation to that effect had been made by Dr. Pal in his paper 
and a recommendation of that nature had been made in the resolution. 

Dr. Parija referred to the remarks of Mr. Sethi and said that the 
committee had read all the papers given to them and they thought that the 
suggestion in question had already been included in the resolutions. It 
was suggested that the Land Utilisation Board should be entrusted with, 
the planning of fodder production in waste lands and those lands which 
were sub-inarginal and waste. The second tiling was that, transport faci- 
lity should be provided. The Committee considered this and the Forest 
Officers present there said that this was impracticable. As to seed produc- 
tion he said that seed production also must he assigned proper im- 
portance. 


The committee recommended that arrangements should be made for 
supplying to the cultivators seeds of recommended fodder crops parti- 
cularly Berseem, hut as Ihe seeds of these were not easily available, either 
they should he purchased from abroad or produced in the country. That 
was why no separate recommendation had been made about seed* produc- 
tion. Regarding subsidy, their experience in other provinces was that 
cultivators were not taking to growing fodder grasses. It was a matter 
of national importance to produce morp milk which was protective food 
and the members of the commit ' pc were unanimous that some concession 
should be given to the cultivator so that ho might he encouraged to put 
some land under fodder crop. Once lie realised the benefit he would take 
to it most willingly without auv further subsidy or encouragement This 
was the principle underlying the Grow-More-Food Compaign. They were 
following that. Hence the committee unanimously recommended' that 
some concession should be given for the collection’ of new fodder nlants * 
They were glad that the I.C A.R. had already taken some action Re- 
garding Dr, Mukherjee s point about manuring of legumes, this was also 
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covered by the Resolutions. It had been suggested that the Agrostological 
Section should be entrusted with the collection of grasses, 

. Regarding Mr. Cherian Jacob’s suggestion about conservation of 
moisture, it had been included 'in a resolution where it was said that 
moisture should bo conserved in those areas where the land was sloping 
and the rain water ran off; whether in the hills, sub-marginal forest lands 
■ or plains. lie supposed that Mr. Jacob wanted inclusion of moisture con- 
servation in plains also if the land was slopy and the rain water ran off. 
The committee thought that the moisture conservation required was for 
'sloping areas and not for plains if the rain water did not run off. 

The Chairman said that from the discussion, it appeared that it would 
be necessary to add one Resolution to those recommended by the Committee. 
That was about seeking the cooperation of Forest Departments for pur- 
poses of making hay and ensilaging it. 

i The Board agreed with the Chairman and adopted the following reso- 
lution : — 

i “That in order to conserve fodder resources during the rainy season 
the Forest Departments might be requested to cooperate in 
making hay and silage apart from rotational grazing”. 

" The following Resolutions were then adopted: — 

A. (1) That in each Province and State, there should he an Agrosto- 
logienl Section to study the problem in all its aspects which will include 
(a) collection of grasses (both indigenous and exotic) (b) their trial 
under local conditions, and (c) their cultural, mammal and hygienic re- 
quirements. The Central Government should help the Provinces and 
States by collecting suitable and forage plants and supplying them for 
trial. 

(2) That the Departments of Agriculture nnd|or Ammal Husbandry 
should undertake ’immediate experiments under compatible conditions 
to work out comparative data regarding economic and nutritive returns 
from the perennial grasses at present known and the alternative cultivated 
fodder. 

(3) The Departments of Agriculture, and [or Animal Husbandry m 

‘tlic Provinces and States’ should' recommend to the cultivators suitablo 
grasses and legumes for growing as fodder encourage them by means of 
concessions in the form of subsidised sales of seeds, bounties in cash, con- 
cession in water-rates andjor ’abatement of assessment for fodder cultiva- 
tion. 1 . I w 

(4) That the possibility of utilising waste lands in the villages field 
bunds and tafik banks should be explored for growing suitable perennial 
-and 1 other fodder and forage plants. The attention of Irrigation Depart- 
ments should bo invited to the possibility of growing perennial grasses 
along irrigation channels. 

13, (1) Rotational grazing has recently been tried "with success in some 
parts of India. The -Committee strongly recommends that thus system 
should be extended to suitable forest and 'waste lands in the Provinces and 
States, and that the carrying capacity' of such lands should he studied 
LloiCAR 
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simultaneously. In this connection, the Committee is of opinion that the 
Land U tilis ation Boards contemplated in Resolution No. 1 on Subject No. 
II of the 6th meeting of the Crops and Soils Wing of the Board of Agri- 
culture and Animal Husbandry should be entrusted "with the planning, of 
fodder production in waste lands. 

(2) That in order to improve rotational grazing, (a) steps should 

be taken to provide watering facilities for cattle, (b) useless scrub jungles 
should be removed and (c) moisture should be conserved in those areas 
where the land is sloping. , 

(3) That in order to conserve fodder resources during the rainy season 
the Forest Department might be requested to cooperate in making hay and 
silage apart from rotational grazing. 

C. (1) The Committee is aware that work is being done in the Pro- 
vinces and States for the improvement of existing fodder crops ; but there 
is much scope for more intensive work in this direction. The Committee 
recommends that the new Agrostological Sections suggested in Resolution 
A(l) be entrusted with this work. 

(2) As there is great scope for exploration of new fodder crops, 
attempts should be made to utilise plants which have not so far been used 
as fodder crops and also new plants including perennial legumes (both 
.indigenous and exotic) should be collected, to be tried as fodder. In judg- 
ing the suitability of fodder crops, its nutritive value and its toxicity to 
animals should be investigated before it is recommended. 

(3) Arrangements should be made for supplying to the cultivator 
seeds of reaommended fodder crops, particularly Berseem, the seeds of 
which are not easily available. The possibility of utilising bees for secur- 
ing better setting of seeds in crops like Berseem should be explored. 

D. That the Committee feels the necessity for an illustrated hand-book 
on Indian Fodder and Forage Plants and suggests that the Indian Council 
of Agricultural Research may undertake its compilation. 


SUBJECT No. 7. 

The rotation of crops. which will give the best results in an irrigation in- 
tensity of 35 to 70 acres in 100 acres. 

(For proceedings of the Sub Committee No. VII see Appendix Til). t 


At the invitation of the Chairman of the Board Mr. "Venkatachari 
the Chairman of the Committee, opened discussions by saying that the sub. 
ject was one relating to rotation of crops which would give the best re- 
sults in an irrigated intensity from 35 to 70 acres out of a block of 100 
acres. This subject was. discussed for a considerable time before the 
Central Board of Irrigation and the problem was one peculiar to Northern 
India particularly the provinces of Punjab and possibly U.P. and other 
districts round about these provinces. In the south they did not know of 
anything like that at all. The intensity there was 100 per cent, or even 
more. So, to begin with they had some difficulty in understanding what 
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exactly was the difficulty in Northern India. The representative from 
Bikaner and Dr. Kaheja explained the system, of irrigation obtaining in 
Northern India and the conditions under which it was necessary to have 
a low intensity on the irrigated areas. The main problem was the rise of 
water table and the poor quality of the soil. And again, while crops in 
Madras consisted mainly of rice, the crops in Northern were of the type 
of irrigated dry crops. In their new projects they were also initiating a 
system of irrigated dry crops as soon as the Tungabliadra project was 
executed in Madras, Lakkavali dam in Mysore and Lower Bhavani in 
Coimbatore. When these projects were completed, they would have large 
scale experiments conducted on irrigational dry crops. Even in those areas 
they had adopted an intensity of 100 per cent. The committee felt that it 
would be useful to suggest rotation on an all India basis and to enlarge 
the scope of the work so that instead of limiting the intensity to 70 or 30 
to 70 per cent., it might cover the ranges of over 70 and possibly also over 
100. It was considered desirable to define the term intensity so that people 
who were not acquainted with the system of cultivation might thoroughly 
understand the scope of the treatment. It was also felt that ,tlie papers 
were incomplete in some respects because it made no reference to the pre- 
vious subjects which had been included under this very heading in last 
year’s sub-committee. During the committee meeting, the Secretary of 
the Council was good enough to circulate a note which showed that not 
only other subjects were considered b}' the previous committee but also 
there was a record of the progress made. The main scope of the subject 
which was put before the committee having been enlarged to deal with all 
kinds of intensities, the subject as it emerged from the committee might 
be more or less described as a system of rotational crop for any given in- 
tensity suitable to the area. 

An attempt had been made to define the term ‘irrigation intensity’ 
and the draft resolution on the subject was an attempt defining ibis in a 
manner which would help the committee and also the other members to 
follow what exactly they meant by tin's term. The next one was an attempt 
to enlarge the scope of the reference intensity ns 70 per cent, and intensity 
lower than 35. 

There were areas where the irrigation intensities were less than 35 
per cent. They dealt with the factors affecting the determination of in- 
tensities. They made reference to the observations so far made and dis- 
cussed the papers, the results as far as made available and the lines of 
future work. 

Under (a) they had drawn up a resolution about the intensity of irri- 
gation, under (b) and (e) they had no resolutions to propose, and under 
(d) they had_ proposed a series of resolutions mainly relating to the future 
work to he undertaken in this connection. The next part of it dealt with 
the results which suggested further lines of work. Under “ Organisa- 
tion they said that the help of existing organisations was inadequate and 
that a great deal of expansion was necessary. It was suggested that where 
existing organizations were available they should be expanded and where 
new organizations were necessary they should be set up. In regard to 
the “Scheme of experiments” they tried to give' an idea as to what they 
considered important in relation to the rotation of crop, some of which 
might be known to most of the workers in the field. But the committee 
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felt that it must put- up in some definite lines bo- that especially ia them 
days when the lines of work in different provinces differed and some of the 
juniors might not have mature advice, they would exactly know what the 
committee had in mind. Even at the risk of repetition they thought _ it 
better to mention all the things, which ( they thought might have a hearing 
on this point. They also drew attention to the work that had been done in 
certain typical farms in the Punjab, the U.P., Bihar, Bombay and also 
in Madras, just to save the time of workers. Lastly, they said that experi- 
ments conducted should be analysed and should take definite shape. 
Probably everyone of this would be necessary for record hut it was far 
better to mention them so that people might know that some thing or other 
had not been ommitted. , , M 


Bai Bahadur Sethi wanted to know, as to what extent the work was 
in progress in this connection in different parts of India. It was not clear 
from the notes or other data as to what amount of work had been carried 
out in finding out a suitable rotation under different conditions in India 
and whether that work had been supervised by the Agriculture and Irriga- 
tion Department in India. 


Dr. Mukherjee said that in determining the best system of rotation, 
they should know the water requirements of crops, and Rai Bahadur Sethi 
had enquired about what had been done in other places. But there was 
one factor to which attention had been given in some places, and that was 
the losses incurred as regards water. The figures obtained by the Poona 
Research Laboratory showed that the loss was of the order of 60 in. and 
in sugarcane he thought it uas about 56 in. or 60 in., i.e., about an equal 
quantity, if not more, was lost. The judicious and controlled use of water 
Was a matter of great importance. It was possible to save an appreciable 
percentage and if that was so, they could increase correspondingly the 
acreage, or choose a better system 0 f crop rotation which would ensure the 
saving in water. Now the experiments in water requirements except some 
did not always work out a thorough balance sheet of the water used on the , 
soil and that utilised by the plant. The depth of penetration of the water 
was an item of great importance and also the interval which should follow 
to do tills it would lie necessary to undertake a very expensive layout of 
the experiments as also to examine the distribution in different depths and 
to study the physiological aspects of plants, moisture content, etc. ’ The 
prevailing system in India was such that an Irrigation Engineer would 
say Here is the water and I can give you this quantity iu this way. Do 
what you can . But reorientation from the point of view of the ‘ plant 
physiologist and tlm soil scientist vas necessary for the latter would say 
this is what I require and at this time. You please arrange your irri"a- 

needs*' it” * ^ arranSe for the quantit ? at time when the . plant 


otv] ¥ r ‘ ’AphwyO’ said that with regard to the actual water-requirements, 
and the rotation of crpps, no definite experiments had been actually carried, 
out in regular plots where rotation had been practised. It was only in 
connection with crops like sugarcane or riee and, wheat that some watS 
requirements trials had been carried out. Particularly in the ease of rice 
only some experiments had been carried out in the , Madras Presidency 
Therefore sufficient data were not, available and it was felt that L case?K 



wanted to get any results .they «miWt T pla»i out experjjn§»ts-relqti^g.to th# 
subject for consideration by the' Board. Dr,! Mukherjee bad raised, the 
q^slion of percolation of water. This fact had been studied by the Irri- 
Ration Research Laboratory at Lahore in connection with the water logging 
"^•oblem in relation to irrigation and they had found that for different 
heights of water table different amount of water rose in the soil, for 
instance in the case of cotton they found that something like 9 in. to 12 in. 
of water would rise in the season and in the case of wheat 5 in. to 6 in. 
Like that they had worked out the percolation losses but there was no 
definite record in relation to rotation. In order that the data should he 
collected the committee recommended that "the rise and fall of water 
supplies and quality of ground water in relation to water" should be 
studied. As regards the balance-sheet and the data on water supply, the 
committee felt that no data were available and they recommended that 
“the conditions of water table and its relation to season and rainfall and 
irrigation resources should he studied". This recommendation was made 
because data were not available on the various problems. 

Itai Bahadur KaJidas Sawhney said that as the Chairman of the com- 
mittee had himself pointed out, this subject was very difficult. Personally 
he believed that the subject was of a very limited importance except in 
areas like the Punjab, Bikaner and some parts of the U.P. The notes that 
, were submitted to the committee did not appear to give full details on the 
i basis of which it should have been possible for the committee to make any 
'’ -^finite recommendations. Therefore he suggested that the recommenda- 
tion of this Board should be only this: — 

“That this Board* recommends to the Agricultural Departments 
f of the areas in which this subject is of some importance, that 

they should carry out systematised rotational experiments to 
find out which is the best solution under those particular condi- 
tions". 

lie said that, on the available data, it would not be in order .for the 
Board to make any recommendation whatever. 

Mr. Yijayaragliavan said that lie had been asked by the Chief Engi- 
neer and his Director to speak of flic results obtained at the Irrigation , 
Research Station, Siruguppa, in the Bollary district. That station was 
established in Tungabhadra Project area where it was proposed to have 
d^rigated dryland crops and not rice. The soil being of heavy clay over 
disintegrating rode of gcncss origin, some held the view that clayey soil 
there would he water-logging ; in other words some apprehended a perched 
water table, if those soils were irrigated. The soil survey conducted in 
that region prior to the establishment of the station showed that the very 
^ow permeability of the soil itself would be helping, no percolation of 
water below for raising the water table of the tract. Later on when the , 
station was established the results showed that there was no fear of perched 
water table. On the other hand there was evidence to show that irrigation 
water moved from the top downwards, even in the disintegrating sub- 
soil region also. Therefore the preliminary apprehension that) irrigation 
ot those black soils would create water logging proved false. . , 

Coming to the study of rotation of erops in* the region, between Tcri-. 
gation and Agricultural Departments, it was still not conclusive what 
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amount of -water should be given in two blocks, one known as mimgarl ojr 
kharif, and the other hingari or rabi, or whether the mungari. of one year 
should be rotated with the rabi of next year, etc. They were still experi- 
menting and conclusions were yet to be obtained, but the broad indica- 
tions were that in the kharif season, irrigated cereals had been quite ai 
success, whereas in the rabi irrigated cotton gave good result. . They had 
yet to find out a good variety of irrigated jo war to give a good yield. When 
one examined when the irrigated jowar was cultivated in the country ;jt 
was found that it was cultivated in the summer months, Jowar did not 
require much water. Few grew jowar in the rabi season with irrigation 
because their rabi was not strictly rainless winter. If Jowar was grown 
when there was rain the soil being clayey, witli very good moisture 
retentivity and if one the top of it, it was irrigated, the result was that 
the young jowar seedlings got attacked by what was known as the jowar 
fly. For the insects the conditions were very favourable. The incidence 
of .the jowar fly had been the main cause for the failure of jowar in the 
rabi season and there had been attempts to breed a jowar that would with- 
stand the insects. Therefore, broadly speaking, in the kharif season 
cereals like jowar, Italian millets, ragi, etc., were quite a success, and 
cotton had been very poor ; while in the Rabi season cereals had been poor 
and cotton had been quite a success. 

Dr. J. K. Basil , said that in the draft resolution on page 2 the sub- 
committee recommended that the subject included in the agenda might be 
enlarged in scope to indude irrigation intensities greater than 70 acres 
per 100 acres. It might therefore be worded as follows: — 

“Item I (d). The rotation of crops which will give the best results 

in — 

(i) irrigation intensity of 25 to 70 acres in 100 acres, 

(ii) irrigation intensity greater than 70 acres in 100 acres.” 

He further said that the sub- Committee discussed the subject 7-1 (d) 
under the following head: — 

“(a) definition of intensity of irrigation, 

(b) factors affecting determination of intensity of irrigation and 
rotation of crops in relation to 

(i) soil conditions, 

(ii) climatic conditions, 

(iii) irrigation supplies available, 

(iv) water table. 

(e) observation so far made and summary of results, 

(d) suggestion for future work, 

(i) organisation, 

(ii) scheme of experiments, 

(iii) collection of data. 

(e) any other subjects.” 

A draft resolution under (a) bad been framed and put up before the 
board. 
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As regards (b) and (c) the notes were recorded and the sub-committee 
had no recommendations to make. 

As regards (d) (i) the sub-committee proposed the following resolu- 
tion for adoption: — 

“d(i) Organisation . — The sub -committee recommends that the exist- 
ing research organisations in the various provinces and states should be 
enlarged and expanded to the extent necessary and new organisations set 
up where none are available to study and carry out experiments on a co- 
ordinated basis on rotation of crops both on experimental stations and on 
cultivator’s fields”. In his opinion if the Board was to recommend any 
resolution it should include both, so that it would be applicable through- 
out India. 

The next point was about the question of soil tracts. In working up 
the intensity of irrigation they must take into consideration the nature of 
the soil. In sugarcane substations with certain type of soil, it was pos- 
sible to have one irrigated crop in one year, in shallow type soil, one irri- 
gated crop in two years, in medium type of soil and they had one irrigated 
crop in three years in the deeper soil. Keeping these factors in view, they 
had summed up that in future experiments the work should be done on 
the lines so laid down in the proceedings of the sub-committee under Item 
1(d) draft resolution under sub-head d(ii). 

He then referred to No. (ix), viz., “with a view to study long term 
effects of crops in soils, experiments should cover at least three rotational 
appearing in each year” and said that this was very important. Most of 
the experiments were usually carried for one cycle only and lienee they 
did not take into consideration the effect of the rotation on the soil . 

Regarding No. d(iii) he said that data should be collected on the basis 
of the recommendations throughout India wherever this experiment Avas 
done. First of all there should be (a) Genetic Soil types on AA'hich tho 
experiments had been conducted, (b) Daily rain fall and temperature 
humidity and other mateorological factors, (c) irrigation Avatcr supplies, 
quality of water, (d) Rise and fall of Avater table, and quality of ground 
water, (e) Crop yields and economics of cultivation expenses and net re- 
turn to the cultivator, (f) incidence of weeds, insect pests and diseases. 
He thought that they should broaden the scope of the subject and make 
it applicable throughout India and future type of Avorlc should be taken 
into consideration as given in page 3 of the cyclostyled report. 

Mr. Laksman Rao said that this subject of rotation of crops Avas said 
to be of limited importance as applying only io the Punjab and Sind but 
in his opinion it Avas applicable to South India also because hitherto in 
South India in the irrigation Avorks it Avas only the heavy consumers like 
sugarcane and paddy Avluch were the ruling crops under irrigation, thus 
consuming large quantity of water. With the limited supply of Avater it Avas 
possible to extend tho benefit of irrigation only to a limited area up till 
tjoav but noAy under the ucav reservoir scheme of Tungabhadra Valley and 
Lakkawali Reservoir, they proposed to extend the benefit of irrigation over 
a much wider area by not only having only sugarcane and rice but rais- 
ing these heavy consumer crops with semi-irrigated crops year to year so 
as to get a much larger area under irrigation. 
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■ Dr.iB, K. Mukherjee said that the 'terms of reference for this com- 
mittee were rotation of crops which would give the 'best results in an irfy 
gated intensity from 35 to 70 acres out of 100 acres. They had just been 
told that this was a subject having not much application -for the whole of 
India and possibly this subject referred specifically to the Punjab, S&ld 
■ or- soihe portion of the* U.P. He came from the UiP. and he. happened 
to ’know the position there. He never came across' any case of serious difi?., 
culty as 'regards what was explained as irrigation intensity. He did not 
think this problem had any great applicability to ‘the conditions' prevailing 
in the U.P. Of course, the subject ns a whole was 'extremely interesting 
and they desired to evolve a system or systems of rotation which would he 
of great economic value to the cultivator would conserve moisture as far 
as possible in order to economise in the use of the irrigation supply, avail- 
able. He had not however been able to follow the. report properly but 
from what Dr. Basu had just explained, it seemed that the Committee 
wished to place before the Board certain resolutions given on page 2. On 
item 1(d) — The rotation of crops which would give the best resnlts in 
(i) irrigation intensity of 25 to 70 acres in 100 m‘es nndi (ii) irrigation 
intensity greater than 70 acres in 300 acres. lie did not. know of conditions 
elsewhere hut as far as the U.P. was concerned he would like to assure 
.that their irrigation intensity ns a whole was greater than 70 in 100 acres 
although he was not aware of any actual experiment being done by (the 
Irrigation Department in U.P. Dr. J. N. Mukherjee had pointed out that 
the aspect of procolntion had been omitted. Something like 40 — 60 per 
cent, of water was lost in leading the water from the cannl head to ' the 
fields. This was a very serious problem that, must be taken into account. 
It was suggested that a soil survey of tbe tract should be done and that . 
was a thing which should be done almost under every circumstances. 

On page 3, at the bottom, under item (x) tbe Board was expected to 
suggest that 'there should be full coordination between irrigation and 
agricultural departments in these experiments. The notes of discussion 
contained tentative suggestions for cropping schemes under differing 
conditions of intensity and workers were to bo invited to study these notes 
and the work done in (a) Lynllpur- Farm in the Punjab (b) Sugarcane 
Research Station, Shnhjahanpur, (e) Sugarcane Central Research Station, 
Pusa, Bibar, (d) Sugarcane Station, Padngnon, Bombay and (e) ’.Agricul- 
tural Rcseareh’Stntion, Siruguppa, ’Bellary District, Madras. He said that 
at Slmhjahanpur they were carrying out very comprehensive experiments 
in regard to rotations as covered by item (x), i,c. ‘With a view to study- 
long term effects of crops in soils, experiments should, cover at least rota.-, 
tional cycles, with .all the crops of the rotational appearing in each year'. ’! 
That was all being done and he did not quite understand what was meant 
by saying that workers might be invited to study the work which was beiug i 
carried on in Byallpur. 

The Chairman said that the first point xinder this subject was 
intensity aspect. If this was to be limited to 30 to 70, the scope of . this 
subject would' become very limited applying to two or three provinces only. 

If the intensity was to be taken at 100 or more, then the subject’ would 
have wider application and could bo discussed by the Board. He wanted 
to know whether the idea of the Board' was that the subject, should be. 
limited- to' the lower intensity- or the scope should be enlarged. ” v ' r 
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Dr. Mukherjee said that the -scop© 4hould ,, fee enlarged. 

The Chairman .said that if that ■was the^dea, ,it' would cover, the whole 
of India. As had. been explained, at present the Committee had not >the 
relevent data before them and.it had suggested that whatever data might 
be available, should be collected and placed before it to enable it to forum 
late its final recommendations. 

Mr. Venkatacliari said that siuce there was a. lot of misconception .as 
to the work done in this Committee he would like ito point out that it .was 
not that the Sub-Committee had no data at all. There were four papers 
on the subject, two from South India, one from Mysore and the fourth 
exclusively from the Punjab representative. He detit with the cropping 
schemes which had been experimented .in various provinces and gav e -a 
resume of the literature available. Much work had, been done in aome 
form or other in various provinces and it was felt that it should be carried 
out on some uniform lines and the future experiments should be so framed 
as to secure comparable results. The Committee was therefore, for an in 
tensity of 30 to 70 acres. It was certainly ‘limiting the Bcope of the work. 
If they extended it could cover the whole of India. One thing to he 
settled was whether they should start the scheme or not. The Committee’s 
recommendation was that they should 'St nr t it, and there was no difference 
of opinion about it. „ The second point was whether the lines of experi- 
ment should be laid down after studying the data available. The lines of 
experiment were not necessarily such that they should wait for the data 
available. He liad indicated the lines which were very broad on which the 
workers could begin their work. It would not be right to lose a year or 
two. The feeling of the Committee had been that whatever inadequate 
data were available should he made use of' and the existing Research orga- 
nisations in the various provinces and states should be enlarged and 
expanded to the extent necessary and new organisations set up where 
none existed. At the end of two years, the data collected to be made 
available so that they might be able to make improvements. 

Rni Bahadur Sawhney said that on ’Page 2 it was suggested that this 
subject be enlarged to include irrigation intensities greater than 70 aom 
uer 100 acres. The resolution might therefore be worded as follows: — 

Item I (d) The rotation of crops which will give tbe best results. 

1 (i) Iirrigation intensity of 25 to 70 acres in 100 acres. 

(ii) Irrigation intensity greater titan .70 acres in 100 acres. 

“In regard to methods and scheme of experiments be read out the draft 
resolutions as given in Page 3 of tbe Sub-Committee proceedings and said 
that the work proposed, to bo done should determine the best rotation.” 

Amongst the recommendations made some dealt with the seasonal aud 
climatic conditions, the irrigation supplies available in regard to the total 
volume and its seasonal and daily distribution, 4 he conditions of water 
table and its relation to season and rainfall and irrigation sources and so 
on. Dozens of recommendations were made which might or might not be 
necessary for carrying out rotational experiments. He was definitely of 
the view that the only'recommendatjon. rthey could make was .that in the 
absence of 'data this Board was not in A position ito make any definite 
recommendations for best rotations with .intensity of irrigation mentioned 
Wa ICAR 
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iii the subject. Mo wao prepared to suggest aometbi»g further tad more 
concrete that if rotational ’experiments were to be carried out in future 
they should be more systematic and relevant data should be collected and 
soil survey carried out, It appeared to involve a very huge piece of work. 
It was a Very complicated recommendation which he did not think they 
should make* This might be left to the Provinces and States concerned. 
If they wanted to carry out any experiments by themselves let them submit 
their proposals to the I.C.A.R. and ask for financial assistance. But the 
Board should not specify these 10 or 12 points for determining the'best 
rotation. 

The Chairman said that his idea was that if the Board accepted that 
they should not limit the scope' to 30 to 70, it would be necessary to ensure 
that the work was done on a systematic basis, The question for considera- 
tion therefore was how this matter should be tackled and what should be 
the recommendations of the Board. His own idea was that the Board 
must give a lead. 

Mr. Venkutacliarj said that the object in putting down specific sug- 
gestions was to help provinces and states in drawing up schemes or plans 
of work in this respect. The suggestions might 'be included in some sort 
of a circular from the Indian Council of Agricultural Research saying 
that data on these lines would have to be made available before a scheme 
could be approved. If they had a full picture of what the Irrigation De- 
partment wonted they should be able to arrive at a system of rotation of 
crops as quickly as possible in accordance with local conditions. He 
believed that it would be bettor to send out these recommendations because 
the workers in the field would find some sort of help in laying out their 
schemes of experiments. But he was not very particular that the sugges- 
tion should go as resolutions. 

The Chairman said that it appeared that the Board agreed that the 
intensity should not be limited and that work on this line should be done. 
He thought the best way would be to pass a resolution to that effect. 
The I.C.A.R. would then examine it and send a circular inviting the 
provinces and states to put up schemes on these lines. Mr. Venlcatachari 
enquired what would be the position of a Province which took up the 
work without the help of the Indian Council of Agricultural Research. 
The Chairman_said that they would be welcome to follow such course 
us they might decide to adopt. 

Mi\ Yenkatachavi desired that the proceedings should record this 
fact. , This was agreed to. 

The Chairman said that the Board might pass a resolution that this 
work was necessary and should not be restricted to the lower intensity and 
the Indian Council of Agricultural Research should ask the Provinces and 
States to send up schemes if they desired. All these discussion and recom- 
mendations might however be recorded in the proceedings. 

* The Board approved of the suggestion. The following resolutions was 
then adopted : — 

“The Board while^ndorsing the suggestions contained in the recom- 
mendation of the, committee Tinder item 1(d) (vide appendix 
Vn) recommends ‘(i) that the scope of the subject should 



be enlarged to include irrigation intensities greater than 
70 pei* cent, per 100 acres so that instead of a limited appli- 
cability it might cover ranges upto 100 per cent, and the 
recommendations are made sufficiently wide to cover other 
areas. . 

(ii) that work on the lines proposed is necessary and that the 
recommendation of the committee ns well as copy of this 
resolution be circulated to the Provinces and States who 
■ would be welcome to submit schemes of research on these 
aspects to tho I.O.A.R. for consideration.'* 

After the business was over, the Chairman thanked the members and 
others for their cooperation and sincere help which enabled him to finish 
the present important and lengthy season within time. The subjects which 
were discussed were not only very important but were of such a nature 
that they could be discussed for days together. He was sure the members 
welcomed this opportunity to have their views on different matters ex- 
changed. 

He was very grateful to the in Albers and visitors t/> the meeting and 
especially to the Honourable Ministers whose presence at- the meeting was 
a source of encouragement. He also appreciated the good work done by 
tho staff and the excellent cooperation received from the provincial 
Government. 

The meeting then terminated with a “lote of thanks to the Chair. 
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SUBJECT No, 1. 

* , 

'I he need for breeding crop varieties adapted to varying levels of soil 
fertility and for special conditions of soil and cUmate. 


The following were present. 

1. Dr. J. N. Muklicu’jee, — Chairman, 

2. Sri M. Ananthan. 

8. Rai Bahadur P. Venlcataramiah. 

4. Dr. J. A. Daji. 

5. Mr. E. A. E. Bauer jee. 

6. Dr. B. K. Mukhcr joe . 

7. Mr. P. M. Ganguli. 

8. Dr. D. Y. Bal. 

9. Dr. T. Sadasivau. 

10. Mr. C. Kamaswnmy Naidu. 

11. Dr. E. V. Tamhane. 

12. Dr. W. V. B. Suudra Eao. 

13. Mr. I. Chatter jee. 

14. Dr. B. P. Pal. 

15. Dr, N. Partbasartliy. 

16. Capt. V. M. Chavon. 

17. Mr. R. Balasubrahmanyam . 

18. Mr. M. B. y. Narusiugarao. 

19. Mr. C. M. John. 

20. Mr. T. K. Balaji Eao. 

21. Mr. A. B. H. Khoorshid. 

22. Dr. P. Parija. 

23. Mr. P. D. Karunkar. 

24. Dr. P. Krishna Kao. 

25. Dr. B. C. ICundu. 

« 

26. Mr. KhagendrauatU Kakoti, 

°7. Mr. S. N. Venkatavamaua Ayyar. 



SUBJECT 1(a). 

• •* The iilfomatioa given in these notes and the discussions at the -meeting 
brought out clearly that it is essential in plant breeding experiments' and 
trials of newly evolved material to consider in detail the various environ- 
mental conditions under which the varieties will be actually grown. Crop 
yield is the measure of the response of the crop to the interaction of en- 
vironmental factors on its genetic make-up. Breeders have no doubt 
generally recognised the limitations of climate and soil andihe selection 
of plants from local varieties or hybrid populations is carried out in 
representative clinyitic and soil regions. However, such selections and 
tests for yield have been and on the whole still arc being carried out at 
one level of soil fertility which is believed to be characteristic of the 
locality or region concerned but it is seldom well-defined. Further, 
although newly evolved material is at present tried at different centres 
in various regions, the soil characteristics of the region and in particular 
of the experimental fields are quite often not determined. From the 
report of the All India Soil Survey scheme it may be seen that not 
less than 21 regions can be distinguished on the basis of broad differences 
in soil and climatic conditions. Another aspect of the environmental 
conditions which is of no less signficance in varietal trials is that most 
crops have to be grown both under rain-fed and irrigated conditions. 
It is thus necessary to test the response of varieties also to these twio 
conditions., The other features of environmental conditions which require 
consideration in detail arc the differential responses of varieties to levels 
of fertility of the same soil type. Experiments carried out in India and 
abroad indicate that not only do varieties respond differently to various 
fertility levels of a soil type but the responses may be so distinct in some 
cases that there is a reversal of the order of performance of the varieties. 
Thus some varieties have been found to yield relatively higher on well 
fertilised plots while others were more productive on low fertility plots. 
Consequently, some of the prominent workers in this field have definitely 
recommended that not only should variety trials be conducted on sites 
representative of the different soil types, but experimenters should also 
adopt generally the practice of including at least two levels (average and 
high) of framing from the initial to final stages of selection. 

If we are to produce more food which is urgently required, this can 
be done chiefly by increasing the acre yield of our crop plants as not 
much new land is available for cultivation. Acre, yields, liowevex’, can 
be increased only by improving the soil productivity by proper crop 
rotation, manuring, irrigation etc., and by growing suitable varieties that 
null respond to high level farming. Special attention, should, therefore* 
be given to breed varieties suited to these conditions. On the other hand 
conditions of high level farming do not actually obtain in the major 
portion of our arablei land. It is thus necessary to consider whether it 
is likely that such an improvement in farming conditions would take olace 
in the near future to justify the target which had been suggested for 
breeding. The Committee came to the conclusion that plant breeders 
should take into account the actual levels of fertility under which the 
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varieties which they are breeding would be ultimately grown. In any 
region, however, there are areas with both high and low fertility ; also 
there are fanners who can afford to manure their land quite intensively 
and otliers who are not in a position to do so. The object the commit- 
tee have in view is, therefore, not to restrict breeding only to high levels 
of fertility, hut to extend the present practice which embraces only one 
level of fertility to more levels in order lo enable the farmer to get 
thq best c-ut of his land wherever lie is in a position to adopt high levels 
of farming. 

The Committee recognize that the position may vary as regards 
diffei’eni crops and in some, c.<j. t cotton, practical difficulties might be 
‘ encountered ; but the need for breeding varieties suited to high level 
farming conditions should not be lost sight of. In contrast to cotton, 
liowjver, millets are less cosmopolitan and more conservative than other 
crops ; and litre the need is all the greater to fit the variety to the soil 
type. 

The Committee would also emphasise the desirability of studying 
differences in the physiological behaviour of varieties. In illustration, 
they would record that in Mad tins indications have been obtained that 
duration of a variety of paddy seems to he correlated with its yield. 

The Committee have to emphasise the necessity for testing newly 
evolved plant material in the initial stages under as wide a rau^ge of 
the environmental conditions .enumerated above as is feasible. They 
also emphasise the desirability of starting the work with p sufficiently 
wide range of material. If facilities for testing plant material in the 
initial stages are not made available, there is the definite possibility of 
eliminating valuable plant material (genotypes) which might be better 
suited for one or more of the specific environmental conditions discussed 
m this report. 

The Committee next considered the facilities which should be made 
ivailnOie to the plant, breeder for carrying oxit the recommendations of the 
Committee. It is obvious that in order to avoid the elimination of promis- 
ing material which might suit one or other sot of environmental conditions 
the plant breeder should he enabled to try out the newly evolved material 
l»e has obtained under as wide a range of conditions as is likely to occur 
in actual practice. For this purpose, an experimental station should he 
located in each of the regions determined by broad differences in soils 
and climate and such existing experimental stations as are fotmd suitable 
for this purpose should be adequately equipped and staffed without delay 
wherever necessary. In those regions where such stations do not already 
exnst ; steps should he taken to establish them as early as possible. The 
Committee are definitely of opinion that both in the interest of economy 
and scientific efficiency, the experimental stations in each such region 
should he the centres of all experimental work on soils and crops pertain- 
ing io the region and these stations should bo used both by the Central and 
Provincial Agricultural Research Institutions in ippttuil ^operation, 
Llfl IOAB 
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Such an arrangement will not only secure better team work and co-. 
ordination of work on soils and crops but will also enable the plant breeders 
working on any particular crop to test the potentialities of the material 
evolved by each of them in all regions of significance to the breeding work 
in hand. • t 

The Committee desire to invite the attention of the Board to the 
recommendations of Dr. A. B. St on art to lay down an experimental 
block at the disposal of the plant breeder for varietal trials in selected 
, centres and recommend that such blocks with known toil characteristics 
Ghould he provided in all sub-stations or farms wherever feasible. 

The Committee also recommend to the Board that a rapid r connnh 
sance soil survey should be carried out in provinces and states without 
delay in order to demarcate more clearly the different soil and climatic 
regions and that provincial and state chemical laboratories under the 
Departments of Agriculture should be properly staffed and equipped 
for carrying out the soil investigations required in connection with varietal 
trials. 

In conclusion, the Committee recommend the following resolutions for 
the approval of the Board : — 

(1) That the plant breeder should keep in view ; 

(a) that the variety has to be fitted, 

(i) to the different regions which can be distinguished on the 
basis of considerations of hroad differences in soil and cli- 
mate and in particular to each soil type ; 

(iil to rain-fed and to irrigated conditions ; and | 

(iii) to the different levels of fertility as obtain under average and 
high farming conditions; and 

(b) that the selected variety should also have power of resistance 
to adverse conditions, such as drought, frost and pests and diseases. 

(2) That experimental stations he established in each of the regions 
mentioned above and that arrangements be made also for testing varieties 
in selected substations or farms in each such region. 

^31 That adequate facilities of sinff and equipment for the investi 
gauons enumerated in item (i) (a! and (b) above as also for the ncces 
taxy soil investigations, be provided. 

(4) That a rapid reconnaissance soil sarvev be undertaken for each 
province and slate, 
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SUBJECT No. 1(b). 

The' Committee reviewed the work done on the maintenance of -soil 
fertility in India as described in the above notes- and .supplemented' by 
statements made in the meeting. They were of opinion that in order that 
systems of correlated soil and crop management 1 can ' be evolved which 
will build up and 'maintain soil fertility it is' essential that the innate 
characteristics of land and its topographical features should be taken 
into consideration. The suitability* of land* for - grojwing crops or 'trees 
or for pastures should be determined and a land use classification made 
accordingly. It is obvious that it is not possible to maintain soil fertility 
if a soil is put to a use for which it is not really suited. Agricultural 
practices in India as also experimental investigations here and elsewhere 
have definitely established that legumes (and also grasses) play a very 
important role in building up soil fertility. The need for the evolution 
of suitable crop rotations in which legumes are included, to suit thje 
different soil climatic regions and the cropping systems, by trying indi- 
genous and exotic types of legumes, is clearly established. Also, the 
application of phosphatic fertilizers to ’legumes is known, to build up 
speedily soil fertility and increase the yields of crops. In selecting 
legumes, their usefulness as fodder, as cash crops, catch crops and cover 
crops or for inclusion in mixed cropping systems, should be taken into 
consideration. In such studies of crop rotations the overall yields and 
economics' of the entire rotation should be kept in view. 


In working out manurial schedules necessary for the maintenance 
of soil fertility it is essential that irrigated and rain-fed areas should be 
considered separately, lairing into account the soil and climatic character- 
istics. Green manures have not only been used in India for a long time, 
but have also been found as a result of experimental investigations to bo 
of great importance in maintaining soil fertility. Farmyard manure and 
compost too have also been found to be of great value. Varying results 
have however been obtained showing differences between these organic 
manures as regards their influences on soil productivity. The Committee, 
therefore, recommend that more extensive investigations should be carried 
out on the effect of these manures on soil productivity. 

Similarly, it is necessary to study in detail in manurial experiments 
the effect of different forms of nitrogenous and phosphatic fertilizers 
in relation not only to their effect on soil productivity but (also in relation 
to the question of estimating the requirements of fertilizers with a view 
to their manufacture, procurement and supply. 

Better results have often been observed by the' use of artificials in 
conjunction wth organic manures, but, organic' manures, are Hot avail- 
able in sufficient quantities . It is consequently ’necessary to carry out 
more thorough investigations on the use of ‘artificials either alone or in 
conjunction with organic manures. While a response to treatment with 
N h&s beeii observed 'more! generally, response ‘to nitrogenous arid ph'os- 
phatic fertilizers used in conjunction has 'also' been significant in many 
instances. The Committee, therefore, recommend that' more - systematic 
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comparisons should be made of the effects of treatment with N, NP, and 
NPK on. different levels, Two other subjects which the Committee con- 
sider worthy of thorough investigation are, 

(a) the fixation of phosphates, and 

(b) placement of fertilizers, specialty of phosphatic fertilizers. 

Since soil organic matter plays an important role in soil fertility 

by building up a, desirable soil structure and promoting microbiological 
activity more attention should be paid to inv estigations concerning it. 

Detailed studies of soil microorganisms are also needed and in 
this connection the role of Azotobacter in contributing to soil fertility 
is worthy of special attention. 

Regarding quality in crops, the Committee were of opinion that since 
the expression ‘quality’ is often ill-defined and connotes a variety of 
characteristics in different crops, extensive and systematic investigations 
are necessary, 

(a) to define quality, and I 

(b) to correlate it with the revolts of mnnnrial treatments. 

The discussion in the committee was nninty restricted to the nutritive 
quality of crops including fodder crops in so far as it is determined by 
the major chemical constituents which arc capable of estimation without 
costly equipment. Systematic chemical analysis of crops and fodder 
should bo done but where facilities are lacking at present, at least 
chemical estimations of N, P, K, ('a, ash, and carbohydrates should be 
made. The importance of determining the nature and content of vita- 
mins and of mieronutrient elements in relation both to human and animal 
nutrition is obvious. The Committee, therefore, recommend that the main 
experimental station in each province or state should be adequately 
equipped in order that thorough investigations on llie nutritive value 
of selected crops can he carried out. The Committee also recommend 
lhat biological assay of the nutritive value of crops by experiments with 
animals be carried out in the main stations in conjunction with biochemical 
departments of universities and other institutions. 

The Committee would like to empha fisc that in order that the 
investigations suggested above can ho carried out satisfactorily, a rapid 
reconnaissance suvey on the lines indicated in the resolutions of the 
Soils and Crops AYing of the Board of Agriculture in 1933 bq carried 
out immediately ; and that the recommendations made by Dr. A. B. 
Stewart as regards soil studies and agronomic experiments should be 
implemented as early as possible. They, therefore, reiterate the resolu- 
tions regarding soil survey and soil studies made under item 1(a). 

The Committee feel that experimental results obtained in the various 
stations will scarcely have any appreciable cfl'cet on increased crop pro- 
duction unless definite measures are taken by Government for the manu- 
facture, procurement and supply of the manures ancl fertilizers in requir- 
ed quantities. 1 hey further recommend that special steps should be 
.raken to arrange for the supply of seeds of green manures, of proved 
value, to peasants ; to encourage the utilisation within the country of 
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indigenous manures and fertilizers such as oilcake, hone, horn and hoof 
and to prevent the export of these. 

In conclusion, the Committee make tboj following recommendations for 
the approval of the Board : 

(1) That a land use classification should he carried out to determine 

what areas are suitable for growing crops or trees or for 
pastures. 

(2) That suitable crop rotations in which legumes that build up 

soil fertility are included should be evolved to fit the 
different soil climatic regions and cropping systems. Both 
indigenous and exotic legumes should be studied ; their 
usefulness as cash, catch, coyer, or fodder crops, or for 
inclusion in mixed fanning being taken into consideration. 

(3) That manurinl schedules for the maintenance of soil fertility 

should be worked out,, treating irrigated and rain-fed areas 
separately. The different forms of nitrogenous and plios- 
pliatic manures should he studied in detail . Also, in manurial 
experiments a comparison should be made of X, XP, NPK 
treatments at diffeent levels. The fixation of phosphates 
and placement of fertilizers especially phospliatic fertilizers 
should also be investigated. 

(4) That more systematic investigations should be carried out 

with different forms of organic manures especially green 
manures, farmyard manure and compost either alone or in 
conjunction with artificials. 

(5) That soil organic matter should form an important subject of 

investigation spcially in relation to its effect on soil struc- 
ture and on microbiological activity. 

(6) That microbiological investigations should be given more im- 

portance and attention should be paid in this eonnection 
to the role of Azotobaeler in soil fertility. 

(7) That in relation to nutritive quality of crops, systematic 

chemical analyses should fye done. Where facilities are 
lacking at present, at least X, P, K, Ca, ash and carbohydrates 
should be estimated. The main experimental stations in each 
province or state should be fully equipped to cany out 
comprehensive investigations c,n the nutritive value o£ 
selected crops. Biological assay of nutritive value of crops 
should be _ carried out in conjunction with biochemistry de- 
partments of universities or other institutions. 

(8) That a rapid reconnaissance soil survey should be immediately 

carried out in each province and state on the lines indicated 
in the resolution of the Crops and Soils Wing of the Board 
of Agriculture in 1933. The recommendations made by Dr. 

A . B . Stewart as regards soil and agronomic studies should 
be implemented as early as possible. 

J. N. 11UKHERJEE, 
Chairman. 
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SUBJECT- No. 2r 

TheJniportancc of rootstocks in the standardisation of fruit tree material 


The following were present : 

1. Dr. G. iS. Clieeraa — Chairman. 

2. Mr. B. M. Mitra. 

3. Mr. Rana Surat Singli. 

4. Mr. Moliibullah. 

5. Mr. J. D. Manning. 

6. Dr. Syedudin Swallhay. 

7. Mr. Jagdish- Chandra.’ 

8. Mr. Brij Mohan Panda (afternoon). 

9. Mr. Jabir A. Ali. 

10. Mr. B, S. Varadarajan. 

11. Mr. K. C. Naik — Technical Secretary. 

After consideration of the subject in all its aspects, the Committee 
summed up the discussion as under : — 

(1) Standardisation of the tree material is of paramount importance 
for successful fruit production, since it moans uniformity of the per- 
formance in the orchard and consequently very high orchard efficiency. 
The achievement of this objective depends not only on tree and bud 
selection among acclimatised varieties, so as to secure efficient clonal strains, 
but also the raising of scion frees cm homogeneous and least variable root- 
stock material of proven value. 

(2) In respect of commercial fruits of the Union, the problem of 
standardisation and of rootstocks are of special importance for the present 
in mangoes, cytrus and certain deciduous fruits* 

(a) In mangoes trial of polymbryonic rootstocks, roolgrafts and 
double worked plants for each of the leading commercial 
mango varieties in the typical mango areas of the country 
appear necessary, along with the selection of trees in each 
scion for inherently high and regular cropping tendencies. 
This combined project is aimed to produce a rootstock-seion 
(stionie) combination which should prove au efficient orchard 
entity for each region. 
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(b) Citrus rootstock trials are required to be planned on a country 

wide basis, to secure -efficient stionic combinations for each 
of our major citrus varieties. 

(c) For deciduous fruits also similar trials, wherein standardised 
' clonal root-stocks like the Millings and Mortons for apples, 

may be included. 

(3) Co-ordination of the trials will be facilitated if the provinces 
and States initially plan the trials for their optimum fruit zones, jfor 
subsequent scrutiny and sanction by the Indian Council of Agricultural 
Research . 

The Committee while recognising the supreme importance of 
standardised material in raising profitable orchards, resolved lhat (1) 
Towards this end, work be planned in several directions. This would 
involve firstly, the selection of trees in acclamatized varieties on the basis 
of actual orchard performance and secondly, the selection oC bud in 
order to eliminate off types from future orchards. These have to be 
•supplemented by the determination of an optimum stionic combination 
for each important region and in respect of each major cultivated fruits. 
The provinces and. stales may therefore plan compcrhensivc trials to 
cater for each of "the major areas, and these schemes may later be 
scrutinised by the Centre. In the case of other fruits, wherein root- 
stocks are considered to he of no significance, standardization will natu- 
rally he effected through only plant selection, supplemented by careful 
roguing nut of variants in nursery stage . 

(2) As a direct means of help to the fruit growing industry, and 
pending the results of trials suggested above, an effective mcaus be 
devised to provide efficient and standardised material for tho new plant- 
ings as well as to fill the gaps in the existing orchards. Such an ob- 
jective can be achieved through the regulation of the private fruite nursery 
trade as well as by concerted propaganda by trained horticultural workers 
on the basis of available knowledge. 

(3) In this connection, registration of fruit nurseries should be 
deemed os a work of urgent, ini po-f mice since on this depends the supply 
of reliable plants of intrinsically high performance. 


G-. S‘. CHEEMA, 
Chairman — 7-4-4 8 


* 1 

l * /I 
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SUBJECT No. 3. 

“ Cereal Rusts ”, 

The following were present : — 

1. R. B. R. It. Sethi — Chairman. 

2. It. B. Halidas Sawhney. 

3. Mr. G. S. KuJkarni. 

4. Mr. J. L. Mohr. 

5. Mr. D. Varadarajau. 

6. Mr. M. Kantiraj. 

7. Mr. 11. B. Elcbote. 

8. Dr. B. B. Mundkur — S ccretary. 

The Chairman gave a short history of the work on cereal mists done 
in India upto the present time. All the three rusts namely, black, brown 
and yellow occur in India and work on them has been in progress for 
several years. In 1946*47, there was a severe epidemic of black rust in 
Peninsular and Central India which caused an estimated loss of nearly 
two million ions of wheat. In some provinces the incidence was so 
great that there was not even enough seed left for the subsequent 
year. Tn C.P., for example, the Government had imported 40,000 
tons of wheat for distribution among the cultivators for sowing. The 
situation had become so serious that throe meetings wore called by the 
Government of India and held at Delhi to consider measures to control 
this disease which was causing so much havoc, and finally the Govern- 
ment of India appointed a special Wheat Rust Control Committee 
consisting of Mr. I). it. Sethi. Dr. II. S, Prutlii, Dr. J. N. Mulcher- 
jee with R. B., R. L. Sethi as the convener. At the meetings of this 
Committee to which Mycologists from concerned provinces were also 
invited and in which they participated the problem was discussed from 
various poinls of view and it was agreed that Dr. Mehta’s scheme for 
suspension of summer Wheat cultivation in the Nilgiris and Pulney 
hills in the Madras Presidency, in the Ilnssan and other districts in 
Mysore and Dharwnr and Bclgmun districts in the Bombay Province, 
should be approved aud summer wheat cultivation in these areas be 
legislation. The Chairman also stated that the Government of India 
had already been approached to sanction the scheme as soon as possible. 

Mr. Ekbote informed the Committee thul during that past six years 
three new races of rust had appeared in C.P. and two bio-types in 
Maliableshwar and suggested that more intensive work on tbc study of 
physiologic races was essential, lie also stated that specimens of Beri- 
beris asiatiea had been found growing near Paelunari and that specimens 
had been sent to Dr. Mehta for testing the part played by the plant, 
if any, as an alternate host. In insisting on the need for more extensive 
breeding work he mentioned that in Western Canada alone ever two 
million dollars had been spent on similar work and that good resistant 
varieties had been devolped ns a result of these investigations— In India 
only a fringee of problem was touched yet and for full investigations sufB 
eient amount of funds and other facilities should bo provided af ftp eftrjy 
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Mr.' K-ulkarui enquired as io what exact type of work. will be re- 
^quired to be done in rust nurseries aud whether such nurseries would have 
to "be maintained during oil-season also. He was informed that these 
nurseries would be s<.t. up during the wheat growing seasons with materials 
'that would be suppLed by the LA.lt. I. llei also expressed the opinion 
Hint tlie breeding of rust resistant varieties should not only bp confined 
to the five zones recommended by the Wheat Rust Control Committee, hut 
it should also lie carried out in other areas where growing of wheat was 
of importance. 

ilr. VanuVtrajan referring to l)r. Mehta's recommendation for the 
legal prohibition of growing of summer wheat in Nilgiris and other 
adjucent tracts said that the experiment of prohibiting the cultivation of 
summer wheat had already been tried for a period of two years but with- 
out any effective results, and expressed the view that continuing the 
experiment for one year more would perhaps meet the case and that Dr. 
Mehta should be in entire charge of the work. 

lie also suggested llmt a certain amount t of fundamental work should 
be done to assess the damage done by rusts’ to other cereals such as sor- 
ghum, bajra nnd setaria cic. 

R. B. Kalidas Suwhney while endorsing the need for intensification 
of breeding work for the production of rust resistant varieties suggested 
that, an expedition of two or three wheat research workers may be sent 
to a few selected countries for the collection of rust resistant and other 
breeding material which may .he of genetic interest. 

The Committee then made the following recommendations : 

1. Fundamental Research. 

(i) The Committee desired that intenstive work on physiological 

race-, their origin etc., should be clone. It did not feel 
justified in the statement made in one of the papers that 
Ihere were nnd would he only a few races of rust in India 
as (hat was not borne out by facts. The appearance of 
three new races in C.P. (3-1, A, B) and two in Mahnblcsli- 
war (‘12. A & B Bio-types) in the course of a few years indi 
cated lhat there may he more races already existing or would 
arise by mutation or other means. 

(ii) The rusts of millets like sorghum, bajra and sciaria should In 

further investigated, their life histories the damage • the> 
cause etc., should be found, before anything further can be 
recommended about them. 

2. 'Control. 

(i) The scheme for suspending wheat enltivation in summer in 
i>irts of Peninsular India as recommended by Dr. Mehta 
and approved by the Wheat Rust Control Committee should 
be sanctioned and Dr. Mehta should be closely associated 
with this work to ensure that it is carried out to his satis- 
faction! 

, (ii) The plan of dusting sulphur as a fungicide, against, wheat, rust 
should not only be carried out but certain other fungicides 
like sodiuip silicio fluoride etc., qliopld also bo tested, 


ioioAr 
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(iii) The Committee endorsed the proposal made by Dr. Mundkur 

in his paper, that in each province and Sate there should, 
be at least 200 dusting machines and 20 to 30 tons of sulphur 
dust in reserve for use against rust whenever epidemics 
are apprehended in order to save at least some wheat for 
seed purposes. 

(iv) The Committee recommended that work on breeding should 

he intensified and more funds should ho placed at the dis- 
posal of the Provincial and State Governments in order to 
do this work in a more efficient and intensive manner and 
as many breeding stations as possible to meet the require- 
ments of the different wheat growing provinces and States 
should be opened and placed in charge of breeders specially 
appointed for this purpose. Large sums have been spent 
by other countries on (his work, Canada having spent two 
million dollars in Western Canada alone over a period of 28 
years for such investigation. 

(v) The Committee recommended that an expedition consisting of 

two or three wheat investigators should be sent abroad for 
tire collection of wheats resistant torusts and other fungus 
diseases and which may be useful for genetic purposes 
also . „ 

3. Agronomic work. 

(i) The Committee agreed that in order to take prophylactic 

measures in time, weekly records on temperature, rainfall 
and humidity should he analysed .and co-rclated with rust 
incidence and wheat yields in as many places as possible in 
the wheat growing regions. Past data, wherever available, 
may also he analj’sed, 

(ii) Assessment of losses due to wheat rust should be determined 

in all wheat growing regions. The. work on alternate and 
collateral hosts needed further investigation as also the 
precise method of dissemination of rust. The variety Beri- 
beri asiotica which has not been tested for its susceptibility 
to wheat rust should be tested by Dr. IMelitn and also at 
the I. A. It. I. 

(iii) The Committee was not hopeful of success of mixed croppings 

but agreed that the cultivation of early and semi-resistant 
varieties should be encouraged as that would help in re- 
ducing losses by rust. 

(iv) The Committee noted with satisfaction the work on inter- 

generic and inter-specific that is being cawied out at the 
I. A.R.T. Although this has not so far led to much success, 
the Committee felt that the work should he continued with 
a view to explore the further possibility of achieving the 
desired results. 

It. L. SETHI, 
Chairman — 8-4-48. 
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SUBJECT No. 4. 


It c view of the comparative merits of different methods of improved farm- 
ing practised in the country such as co-operative farming, collective 
farming consolidated farming, joint management , consolidation of 
holdings etc., with particular reference to improvement in the yield 
of crops and economic condition of cultivators. 


The following were present : 

1. Lt. Col. C. A. MacLean — Chairman. 

2. Mr. If. C. Chetty — Technical Secretary , 

3. Mr. C. C. Taylor. 

4. Dr. T. G. Sliirname. 

5. Mr. K. Gopalan. 

6. Dr. B. G. Kxrndu. 

7. Mr. S. C. Boy. 

8. Mr. M. C. Joshi. 

9. Mr. P. D. Nair. 

10. Mr. N. J„ Deshmukh. 

1 11. Mr. B. Nataranjnn. 

12. Mr. K. C. Ramakrislmnn. 

13. Mr. Jabir A. Ali. 

14. Mr. S. N. Yenkatraman . 

15. Mr. Narasimha Raju. 

16. Mr. Raghotham Reddy. 

17. Mr. Mohibullah. 

18. Rai Bahadur Halidas Sawhncy. 

19. Dr. T. G. Menon. 

20. Mr. Khoorshid. 

1, Mr. MacLean, Commissioner of Agriculture, Baroda gave a very 
brief resume of the work being done in Baroda State by way of studying 
different forms of tenure mid management viz., peasant proprietorship, 
tenant farming, co-operative farming, and collective farming. Although 
the scheme had been functioning for only a year it was already patent that 
the owner-occupier was the more industrious and though liis actual 
standard of farming was not higher than llmt of the tenant farmer, lie 
did give more attention to the improvement of his holding. So far, 
collective and co-operative farming had not appealed to those engaged 
on them ; every family strongly desired its own plot of land ; and the 
standard of work was not so high as in the two former systems. Apart 
from this, petty pilfering of the crop, belonging to the community, was 
a common failing. 
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2. Dr. Skirnamo, Agricultural Marketing Adviser, gave an interest* 
ing account of the various system, of co-operative farming Palestine, and 
was of opinion that the system of farming by small holders' co-operative 
farms as worked with such conspicuous success in that country wight bo 
tried in India on an experimental basis. 

3 Details of the different systems of settlement of landless labourers 
in the Madras Presidency with co-operative farming os an ideal, but 
not yet practised, were given by professor llamakrishnan, Lecturer in 
Agricultural Economics, Coimbalore. 

4. Mr. Nair, Director of Agriculture, Central Provinces, described 
what had been achieved by consolidation of holdings in that Piovince. 
He aerated the many beneficial results, emanating from the movement, 
which had now reached a stage where dcnrnids lor consolidation cuine 
spontaneously from cultivators themselves. 

fl. Kai Bahadur Kali Dass Sawhney, Director of Agriculture, Hyder- 
abad. described tlx- scheme of Joint Stock Farming as practised with such 
outstanding siueess in the Sudan, and lie fdt that it was one which, 
with suitable modifications mighl well be tried in Tndia, wheretver auy 
largo new- Government ventures aie being inaugurated . 

(5. In the discussion which followed, the merits of pea'-nnt proprietor- 
ship were generally recognised, but in view of the diverse economic and 
social factors prevailing throughout Tndia, the Committee did not feel 
that it would he possible to lay down a hard mid fasl solution l'or the 
whole of the, country. Pilot schemes were, therefore considered essen- 
tial, and as a part of such a forward policy it was necessary to embaTk 
on a determined programme for Iho consolidation of holdings. It also 
emerged from the discussion that a good deal of confusion was prevalent 
regarding the exact connotation of different terms nsed in connection 
with various kinds of co-operative farming. The Committee was, there- 
fore, of opinion that those terms in general use should be clearly and 
unequivocally defined . 

7. The following resolutions were then pnssed by the Committee : — 

1. That, with a view to improving the • so'cinl and economic con- 

dition of the cultivators, a Special Officer should he appoint- 
ed by the Central Government to prepare, in consultation 
with Provincial and State authorities pilol schemes of differ- 
ent systems of farming, such as co-operative farming, 
collective farming, joint farming, joint stock farming, suit- 
able to the various conditions prevailing in different tracts 
of Tndia. 

2. That the Officer appointed should do his utmost to see that’ 

effect is given to these pilot schemes as quickly as possible 
by Provincial and State authorities. 

3. That the Officer appointed should describe in collaboration with ’ 

recognised experts the nature and scope of such systems as* 



97 


co-op, erativje fanning, collective fanning 1 ,- j'qinj; fanning, 
joint stock fanning and community farming etc., and sub- 
mit liis views to the Government of India for final approval. 

4. That in view of the imminent revision in the prevailing land 

systems in certain parts of India, a measure of priority should 
be given to those proposals. 

5. That' a comprehensive programme of consolidation is vital to 

agricultural rehabilitation and that the State should not 
hesitate to exercise a large measure of compulsion in this 
sphere and that commensurate with the progress of con- 
solidation, there should be development of industries, not 
only iu the industrial areas hut in the villages as well. 


SUBJECT No. 5. 

Consequent on the devision of the country to consider measures to 
be taken from the short range and long range point of view to maximise 
the production of food particularly of cereals in India so as to reduce 
her dependence on imports to the maximum etxtcnt possible and to 
suggest five year targets of increase in such production for each unit of 
administration comprising India. 

TKc 1! following were present : — 

]. Mr. M. S. Sivaramnn — Chairman. 

2. Mr. R. D. Bose — Technical Secretary. 

3. Dr. II. S. Prut lii. 

4. Sardar Bahadur Lai Singh . 

5. Sardar Bahadur Uarchand Singh. 

G. Mr. M.' C. Chcrian. 

7. Mr. V. S. Hejniadi . 

8. Mr. Y. N. Likhitc. 

9. Mr. T. C. K. Pillai. 

10. Mr. M. Abdul Majid. 

11. Mr. S. Ramachandran . 

12. Mr. R. P. Pnrthi . 

• 13. Banamnli Patnaik. 

14. J-anab Md. Zafar Ali Khan. 

15. Mr. M. S-anknra Mcnon, 

1G. Dr. L., C. S'iklcn. 

17. Mr. B. C. Kundu. 

18. Mr. B. S. Ynradarajan. 

19. Director of Agriculture, Cochin. 
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Tie Chairman introduced the subject .by stating that though some 
stress has been laid on the division of the country, the food problem in. 
India had been chronic even before this division and that in considering 
any question of increasing food production from the long or short term 
points of view, our aim should be not merely to improve the production 
of cereals but also to devise ways and means of producing a balanced 
abundance needed for a proper standard of nutrition for a growing 
population. He stated that the best economic utilization of every unit 
of land should be our goal and maximisation of food production is possi- 
ble, by 

(i) bringing the area which is now lying waste under the plough, 

and 

(ii) increasing the yield per acre of all cultivated lands so as to 

improve the production of cereals, pulses, fruits and vege- 
tables, fats and oils, milk, eggs and other animal products. 

Sardar Bahadur Lai Singh endorsed the views expressed by the 
Chairman and stated that in the loug run we should not lay undue 
emphasis on increasing the production of cereals but should stress the 
need to grow other food stuffs like pulses, potatoes, bananas, pine-apples 
papayas etc., which give more food per acre. Mr. Lai Singh opined that 
the whole notion of the agricultural development in this country needs 
a radical change and that compulsion by legislation should be resorted 
to in order to effect rapid improvement. 

Sardar Bahadur Harehand Singh stressed the fact that if more 
food is to be produced the cultivator should he assured of a pToper 

pnce - ■ i arjun 

There was a great deal of discussion on this subject in which Dr. 
Prutlii, Sardar Bahadur Harehand Singh, Mr. Likhite, Mr. Chcrian, . 
Dr. Kundu and many other members took part. 

n/r / n a no * e submitted for the consideration of the Committee Col. 
Maclean endorsed the follow lag sub divisions of long-range and short- 
range measures suggested in Sir B. Nanavati’s book on ‘Indian Rural 
Problem . 

Long-range . 

(a) Increase of industrialisation. 

(b) Increase of Irrigation facilities. 

(c) Improvement of Agricultural finance and Marketing . 

(d) Reform of the land tenure system. 

(e) Consolidation of holdings. 

Sliori-rangc. 

(a) Encouragement in the composting of all manner of organic 

wastes. & 

(b) Supply of fortilisers and cakes. 
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(c) Supply of good seeds. 

(d) Provision of good implements. 

(e) Improvement of village herds. 

(f) Discouragement of certain forms of cropping ; cotton — jowar 

for instance, * 

(g) Adoption of simple soil conservation methods. 

The Committee felt that though some of the measures are capable of 
execution a short period no hard and fast line of classification of long 
and short term measures is feasible in all cases and was further of the 
view that it should confine its recommendations to matters of a purely 
agricultural nature. 

The Committee considered that the measures already recommended 
by the Board in 1915 to maximise the production of food in the Grow 
More Pood Campaign could bring about the expected results if these 
are fully implemented and that the final results would necessarily be 
to reduce India’s dependence on imports of food grains. The commit- 
tee therefore felt that the Board might lay special emphasis on the follow- 
ing measures. 

I. Land Utilisation. 

(i) Tlie Provincial and Regional Boards for land utilisation should 

be set up without further delay. 

(ii) These Boards should undertake a broad and rapid survey of 

tlie waste lands in their jurisdiction, and classify these lands 
according to their possible use. The Boards should also 
undertake a survey of sub-marginal lands with a view to 
rclire such of these lands from agriculture as could be put 
to more profitable uses. 

(iii) Tho Provincial Land Utilisation Boards should be given exe- 

cutive power to carry out the plans made by them and 
approved by Government. 

(iv) Government should have the right to acquire, lease or re- 

assign all cultivable lands that have not been actually culti- 
vated for three years or more, for no valid reason. 

(v) Private enterprise should be encouraged on a large scale by 

the grant of a long term lenses and by subsidising the pur- 
chase of necessary machinery and equipment required for 
reclamation and provision of irrigation. 

II. Improvement of water supplies bp irrigation and other means. 

The Committee suggests that the Board might reiterate its previous 
recommendations, viz. 

(i) the continuation of the emergency measures now in fortes 
with regard to 

(a) Minor irrigntioii projects ; 
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(b) Conservation of rainfall by embankments ; 

(c) Contour bunding ; 

(d) Drainage of wet laud ; 

(e) Better utilisation on canal water ; 

(f) Pumping water from deep rivers ; 

(g) Pumping Avater from sub-soil reservoirs ; 

(h) Sinking aud improA-ement of Avells on cultivators’ 

holdings. 

with the financial assistance from the Centre for a period of another 
five years, in view of the difficult food situation prevailing in the 
country . 

(ii) Contour bunding, exploration of sub-soil AA'ater and the sink- 

ing and improvement of Avells should be contiuucd after- 
Avards as a permanent policy by ProA'iucial and State Govern- 
ments ; 

(iii) Where the execution of irrigation and other works mentioned 

above is held up for lack of qualified personnel, every possi- 
ble step (c.g., offering more attractive scales of pay) should 
be taken lo recruit such personnel ; 

(iv) Pleasures should ho taken to ensure better distribution of 

existing supplies of canal water, care being, taken that on 
the extension of canals the cultivators in the prcAdously com- 
manded area would not suffer ; 

(v) The grant of Taeenvi on a liberal scale for the construction of 

wells on cultivators' boldines should be given. Where the 
small holders have not enough security to secure an adequate 
amount of Taccavi loan, the State should construct the 
wells and charge for the water used or recover the cost of 
the construction in easy instalments. 

In addition, the Board might emphasise : 

(i) that Government should provide for every area needing them, 

units of mechanical c.wicavators, power drills, air com- 
pressors etc., such as were used by the Military during the 
Avar. 

(ii) that arrangements should be made by Government for larger 

supplies of small pumping got* to the cultivators. 

(iii) that the Government, should? provide better facilities and 
grant high priorities fox* the supply of coal, cement, bricks 
etc., required for the construction of wells. 

(iA ) that Bund formers should he made available in larger numbers 
to villagers for mechanically bunding their dry fields. 

(v) that the construction of wells should be particularly encouraged 
JB delta areas in order to ensure early soAring of paddy 
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nurseries and early transplanting, as it has been proved 
that early planting results in higher yields. 

(vi) that subsidies should be granted for the excavation of small 

ponds not exceeding ten cents in paddy lands with a view 
(1) to rear fish (2) to raise the level of the surrounding 
area to help production of fodder and vegetables and (3) 
to help to raise nurseries in time. 

(vii) that a survey of the subterranean resources should he made 
«ind steps taken to augment the subterranean supplies by 
methods such sis adores! ntion of sloping terrain, surface 
reservoirs, recharge, wells sub surface dams etc.. be.£ore 
any projects of large sinking of wells in provinces other than 
the East Punjab, I T nitcd Provinces and Bihar are under 
taken. 

111. Manures and Fertilisers. 

The Board might reiterate its previous recommendations : — 

(i) that the assistance given by tin* Government of Tndia to en- 

courage the greater utilisation of manures should be conti- 
nued . 

(ii) Unit continued assistance from the Central Government is 

necessary for conversion of town refuse into manure and 
manufacture of village composts till it becomes an establish- 
ed practice and for stimulating their utilisation. 

The Committee feels that no great progress has been made in some 
provinces in the matter of production of composts from the waste pro- 
ducts of urban areas and recommends that the making of composts should 
be made obligatory in cities and municipalities and wherever organised 
panchayals exist. 

The Board might also recommend. 

(i) that adequate provision should be made for the supply of 

Sulphate of Ammonia, Superphosphate, flour phosphate, Bones- 
meal etc., and that the question of utilisation of Triehr 
phosphates for the benefit of the cultivators should be con- 
sidered actively. 

(ii) that greater stress should he laid on the more intensive us* 

of organic manures such as Farm Yard Manure, composts, 
oil cakes, of green leaves and all waste products of agrir 
culture. fn this connection the possibilities of growing 
quick growing Icavy shrubs like Glyricidia niaculata stud 
.of plants that are not growsed b t v goats like Galatrop’n, 
Adatlioda vasiea, wild sunflower etc., on all waste land*, 
canal and tank bunds, sides of roads and railway track* 
and on anv place which is licit put to more profitable »w 
should be brought home to every cultivator 


L H5TCAR 
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(iii) that in order to conserve largo supplies of Farm Yard Manure 
some of which is now being used as fuel, active measures 
should be taken for raising quick growing fuel trees such 
as Casurina, Accacia, pcins, Prosopis julifloru, Lcncauna 
glauca etc., on sub marginal lauds between villages on canal 
bunds and tank beds, on sides of roads and railway tracks 
and for this purpose, subsidies, where necessary, might be 
given. 

'(iv) that steps should be taken by Provinces and States to pro- 
hibit the indiserimate rearing of goats by persons who have 
no facilities for the purpose aiul to issue licences for the 
rearing of goats, in order to ensure that young plants and 
trees required for manuring and fuel purposes are not des- 
troyed by these animals. 

TV. Seed Multiplication and Distribution . 

'The Board might reiterate its previous recommendation. 

(i) that in view of the fact that the multiplication and distribu- 

tion of pure seeds of improved varieties of crops is oka 
of the means of increasing food production, the Provincial 
and State Governments should have a target of seed pro- 
duction to cover ultimately with improved varitie* of seeds 
atleast 2o per cent, of the area under each food grain annu- 
ally. 

(ii) that it is essential to have an official organisation for the 

distribution of improved varieties of seeds so that these 
may be easily available in time to the cultivators. 

(iii) that financial assistance from the centre should be given for 

the multiplication on scientific lilies of seeds and food grains 
and for its distribution for a period of atleast five years 
after the expiry of the period already sanctioned. 

The Board might also recommend : 


(i) Tim establishment of District nnclenssed farms under the 

direct supervision of Crop Specialists in order to supply 
larger quantities of improved seeds to registered growers. 

(ii) Adequate premium should be given to the, registered seed 

growers for the extra care, trouble, and expenditure involved 
in producing pure seeds. 


rniV ? connection the committee wishes to emphasise that the crops 
^ 5 d i i ira pioved f cds ' lsu allv draw more plant nutrients from the 
hand hence require larger supplies of manures and fertilisers in order 
to keep up the higher yields and that adequate measures should U 

u ' en , ‘°, man ” e ? ropCTl y «“ “»■* "niter improved crops 

if the extra yield is to be maintained. 1 


V. Vegetable and fruit production 


In order to increase quickly the supply 0 f 
Board might recommend that the cultivation of 
should he actively encouraged for this purpose. 


nutritive food, the 
vegetables and fruits 
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(i) the supply of seeds of suitable vegetable and fruit crops should 

be made available at nominal cost, 

(ii) the cultivation of vegetables) and quick growing fruits like, 

papayas should be encouraged for demonstration purposes 
in school gardens. 

(iii) the improvement of transport facilities and the methods 

of marketing should he effected. - - •• 

(iv) * greater attention should be paid to raising more food from 

a unit of land by growing root crops such as potatoes, sweet 
potatoes, tapioca and quick growing fruits like bananas, 
pineapples, papayas etc. 

VI. — Agricultural Implements. 

The Board might recommend strongly that active step's should be 
taken (1) to make available supplies of iron and steel to cultivators in 
adequate quantities at cheap rates as it is extremely difficult to procure 
these commodities for the normal requirements of cultivation and (2)’H'b 
devise and manufacture improved implements and farm equipment <. a't 
a cost within the rqncli of average cultivators and foy this purpose the 
Dominion Government should call for a conference of Agricultural En- 
gineers of the Provinces and States. 

VII. — Protection. 

(i) Tt, is better to save food erops that hnjve already been grown 
to food crops in India, the Board might commend the following views of 
the Food and Agricultural Organization of the United Nations 

(i) Tt is better to have food crops that have already been grown 

at great expense of labour and material than to develop 
large additional acreage to off-set the wastage caused by 
pest infestation. 

(ii) it is not so much new scientific knowledge that is needed as 

the more drastic application of what is already known . 

(iii) Plant protection constitutes the single most important factor 

in immediate stepping up of food production. 

The Board might therefore recommend 

(i) that intensive campaign should be carried out in all parts 

of India against the more serious pests and diseases for 
which it is essential that the Centre and every province should 
maintain adequate Plant Protection Organisations for watch 
and ward purpose. 

(ii) that it.is essential that there should be close integration of plant 

protection programmes of various provinces since a number 
of p'ests and diseases are seed or fiiHborne or of a migra- 
tory nature. 

(iii) that to ensure concerted meapUnes for carrying out tho con« 

trol m ensures, legislation slktold ' X»e VesoAod ' to . 



(i v ) that tiie Dominion Government should provide besides other 

assistance under the Grow More Food Campaign adequate 
quantities of spraying .and dusting machinery without 
which large scale control measures cannot bo carried out 
properly and in time. 

(v) that arrangements should be made lor. the manul'actuic of 

necessary machinery and chemicals in India as soon as 
possible. 

(vi) that the paucity of trained personnel being another bottle- 
neck in the intensification of plant protection work, the 
Dominion Government should organise plant protection 
courses at the centre and in different regions of the country. 

till. — Publicity and Propayavda. 

The Board might reiterate its previous recommendations : — 

(i) that inmveduvtii attention should be given to the importance of 

effective publicity. 

(ii) that Provincial and State Governments should take action ; 

(a) to enlist fuller co-operation of cultivators through 

organised bodies like co-operative -activities, Agri- 
cultural Association, etc. 

(b) to train the staff of the Agricultural Department in 

the methods of publicity. 

(e) to make available in local languages all useful litera- 
ture bearing on agriculture. 

(d) to publish in popular language the results achieved 

in the experimental stations. 

(e) to make the fullest use of mobile cinemas in rural 

publicity. 

The Board might also recommend that : — 

(i) Agricultural tvaiuing on the general principles of agriculture 

should be introduced in secondary and training schools, as 
far as possible. 

(ii) that technical men who arc now being used by the Department 

of Agriculture for their State Trading Schemes under the 
Five Year Plans of food production should he relieved of 
sueh non-technical work so that they can devote proper atten- 
tion to propaganda and demonstration work, 

(iii) that the Provincial Governments should arrange to have 

model agricultural villages one in each sub-division in places 
where fairs, festivals and weekly markets are usually held 
for the purpose of demonstrating in a compact area the 
advantages of adopting the recommendations of the Agri- 
cultural Department. 
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(iv) that in order to encourage the adoption of improved method* 
of; cultivation, an annual prize might be awarded in each 
■ village to a cultivator who produces the best results. 

IX. — Crop Planning and production targets. 

The Commit tee considered that the question of Crop Planning and 
fixation of targets of production for the different units of administration 
required detailed and careful examination in the light of the existing 
dietary habits of the people in the different regions and the available 
scope for improvement and that in the absence of relevant particulars 
from most of the Provinces and States no useful purpose would be served 
by making any recommendation at this stage. The Committee therefore 
suggests that the necessary data should be got from the Provinces and 
States so that the matter could be pursued. 


M. S. SI VAR AM AN, 
Chairman. 


SUBJECT No. 6. 

To review the measures adopted to increase the fodder production 
by : — 

(a) selection and propagation of perennial cultivated grasses, 

(b) improvements in rotational grazing, and 

(c) exploration of new fodder crops in addition to improving the 

existing ones. , 


Mr. T. J. Hurley presided on 7-4-48, till the arrival of Dr. Parija. 
The following were present. 

1. Dr. P. Pari, in — Chairman. 

2. Sri G. R. Yiswanathan. 

3. Mr. E. A. Lasarado. 

4. Mr. N. 0. Dass Gupta. 

5. Dr. E.S’. Narayanan. ■ 

6. Mr. K. Clioriyan Jacob. 

7. Mr. II. K. Lai. . 

8. Dr. L. C. Sikka. 

9. Mr. T. J. Hurley. 

10. - Sri P. D. Nnir. 

11. Dr. T. J. Mireh.'indani — Secretary; 



2. There was general discussion on the subject. It was felt that 
the fodder production has been given a secondary place in the Agri- 
cultural Development plans. But the Committee felt that the production 
of fodder should get higher' priority with a view to ensuring the health 
of the work cattle and increasing the production of milk which is one 
of the best protective food. The mainstay of the agriculturists is the 
cattle aud without healthy cattle, there will he a sot-'back to the food 
production. In view of this the Committee felt that all avenues- to 
increase the fodder supply should be explored. 

3. The Co mmi ttee reviewed the work so far done on the selection 
and propagation of perennial cultivated grasses. Lt was noted that 
while some work has been done in the past in some Provinces, it has not 
hVfen sufficiently intensive. Recently systematic work has begun at 

•the Indian Agricultural Research Institute. Work lias not progressed 
far enough for any definite conclusions or recommendations to be made. 
The reason for tiiis appears to be that the Agricultural Department] 
Animal Husbandry Department did not have a separate staff for ‘this 
purpose. Even where the Departments of Agriculture and Animal 
Husbandry have been able to recommend suitable grasses, the cultivator 
has not taken them up because it means diverting a part of his land 
from food and cash crops and also because he does not appreciate the 
indirect benefit he receives from the increased fodder production. 

4. The Committee therefore recommends : — 

A. (1) That in each Province and State, there should be an Agrostolo- 
gieal Section to Study the fodder problem in all its aspects which will 
include (a) collection of grasses (both indigenous and exotic), (b) their 
trial under local conditions, and (e) their cultural, manurial and hygienic 
requirements. The Central Government, should help the Provinces and 
States by collecting suitable fodder and forage plants and supplying them 
for trial. 

2. That the Departments of Agriculture, andjor Animal Husbandry 
should undertake immediate experiments under Comparable conditions 
to work out comparative data regarding economic and nutritive returns 
from the perennial grasses at present known and the alternative cultn 
vated fodder. 

3. That, the Departments of Agriculture, andjor Animal Husbandry 
in the Provinces and States should recommend ‘to the cultivators suitable 
grasses and legumes for growing as fodder, encourage them by mpans 
of concessions in the form of subsidised, sales of seeds, bounties in cask- 
eonccsion in water-rates, andjor abatement of assessment for fodder cultiva- 
tion . 

4. That the possibility of utilising 1 waste lands in the villages, 

field bunds and tank banks should he explored for growing suitable 
perennial and other fodder and forage plants. The attention of Irri- 
gation Departments should he invited to tlm possibility of gfdmtit 
perennial grasses along irrigation channels. •* ~ * 
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B. (1). rotational grazing lias recently been tried with success in some • 
parts of India, The Committee strongly recommends that, this system 
should be extended to suitable forest and waste lands in the Provinces and 
States, and that the carrying capacity of such lauds should be studied 
simultaneously. In this connection, the Committee is of opinion that 
the Land Utilisation Board contemplated in Resolution No. I on Sub- 
ject No. II of the 6th meeting of the Crops and Soils Wing of the 
Board of Agriculture and Animal Husbandry should be entrusted with 
the planning of fodder production in waste lands. 

(2) That in order to improve rotational grazing (a) steps should 
he taken to provide watering facilities for cattle, (b) useless scrub jungles 
should he removed aud (e) moisture should bo conserved in those areas 
where the Jaiid is sloping. 

(C) (1) The Committee is aware that work is being done in the 
Provinces and States for the improvement of existing fodder crops ; but. 
there is much scope for more intensive work in this direction . The Com- 
mittee recommends that the new Agrostological Sections suggested in 
Resolution A(l) be entrusted with this work. 

(2) As there is great scope for exploration of new fodder crops, 
attempts should be made to utilise plants which have not so far Ibcen 
used ns fodder crops and also new plants including perejimial legumes 
(both indigenous and exotic) should be collected, to be tried as fodder. 
In judging the suitability of fodder crops, its nutritive value and its 
toxicity to animals should be investigated before it is recommended . 

(3) Arrangements should he made for supplying to 'the cultivator 
seeds of recommended fodder crops, particularly Bevsecm, the seeds of 
which are not easily available. The possibility of utilisibg bees for 
securing better setting of seeds in crops like Bcrscem should be explored. 

(D) That the, Committee feels the necessity for an illustrated hand- 
book on Indian .Fodder and Forage Plants and suggests that the Indian 
Council of Agricultural Research may undertake its compilation. 


P. PARIJA, 


Chairman — 8-4-48 , 
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S OBJECT NO. 7 

The Rotation of Crops which will give Hie Best Results in an Irrigated 
Intensity from 35 to 70 acres out of 100 acres. 

The following were present. 

, 1. Rai Bahadur Venkata Aeliarya — Chairman . 

2. Mr. C. Vijayaraghavau. 

3. Mr. M. N. Lakshmana Kao. 

4. Mr. T. 8. Yenkatarama Iyer. 

5. S. Shamslier Singh. 

6. Mr. S. Sen. 

7. Dr. J. K. Basu. 

8. Dr. P. C. Raheja. 

9. Mr. Subbiah Mudaliar. 

10. Mr. R. N. K. Sundram. 

11. Mr. M. Abdul Majid. 

12. Mr. S. S. Selot. 

ITEM I— AGENDA 

The Sub Committee observes that the agenda as presented to them 
contains only one subject whereas this section of the Board of agriculture 
has been handling other subjects — vide items I (a) to (c) on irrigated 
farming — Agenda for the meeting of December, 1945. The Sub Com- 
mittee suggests that a continuing agenda may be framed for this section 
of the Sub Committee and the subjects so far accepted he listed out and 
continued on the agenda from year to year aud the progress recorded. 
The Sub Committee suggested that the following may be included in the 
agenda in regard to work so far considered and discussed in the Board. 

Subject— *Ii cm I. — Irrigated farming. 

(a) Water requirements of irrigated crops with special reference'* 

to the optimum use of limited water supplies. 

(b) The effect of the depth and the incidence of irrigation on crop 

yields. 

(c) The measures to be adopted to prevent accumulation of harm- 

ful salts in irrigated soils and to reclaim (he soils so im- 
pregnated. 

(d) Rotation of crops which will give the best results in an irri- 

gation intensity of 35 to 70 acres in 100 acres. 

Hem I (D) of the Suggested Agenda. 

The Sub Committee feels that the tern ‘Irrigation intensity’ must 
lie defined so that the members may clearly understand the scope of the 
work listed under this head The following draft resolution was there- 
fore suggested. 
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Draft Resolution 

r i 

The Sub Committee resolves that the following definition he adopted 
for the term ‘irrigation intensity*. The term ‘irrigation intensity’ is 
applied to the percentage of culturable irrigable area irrigated during 
a year or season. Taken over a whole year the term use is annual inten- 
sity and this is the sum. of percentages of culturable and irrigable areas 
irrigated in each of ilie two seasons in a year. For the purpose o£ 
reckoning intensity the percentage of a duffasil crop like sugarcane or 
plantains standing on the ground for more than one season should be 
doubled. 


Hem I (d) of the Agenda . 

The Sub Committee considers that the scope of the subject included • 
in the agenda should be enlarged to include irrigation intensities greater 
than 35 to 70 per cent., which is only applicable to some areas in Northern 
India. There is quite useful field for experiments in rotation of crops 
in some provinces where irrigation intensities are less than 35 per cent, 
or in many States where they arc much greater than 70 per cent. For 
instance, in Bombay, Madras, and Mysore irrigation intensity is never 
less than 100 per cent, and the subject as on the agenda should normally 
include experiments on rotation of crops on such areas. The enlargement 
of the scope is therefore desirable and necessary. The following draft 
resolution is therefore suggested.' 

Draft Resolution 

The Sub Committee suggests that the subject included in the agenda 
may be enlarged in scope to include irrigation intensities greater that 
70 acres per 100 acres and may therefore be worded as follows : — 

“ Item I (d). The rotation of crops which will give the best results 
in 

(i) irrigation intensity of 25 to 70 acres in 300 acres. 

(ii) irrigation intensity greater than 70 acres in 100 acres. 

The Sub Committee discussed the subject 7-1 (d) under the follow- 
ing heads : ■ 1 

(a) Definition of intensity of irrigation. 

(b) Factors affecting determination of intensity of irrigation and 
rotation of crops in relation to 

(i) Soil conditions 

(ii) Climatic conditions. 

(iii) Irrigation supplies available. 

(iv) Water table. 

(c) Observation so far made and summary of results 

. (d)‘ Suggestions for future ^ork 
MOTOAB 
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(l) Organisation 

(ii) Scheme of experiments. 

(iii) Collection of data. 

(e) Any other subject. 

A draft resolution under (d) has been framed and is put up before the 
Board. 

(b) & (d) Notes of discussion are recorded and the Sub Committee 
has no resolutions to propose. 

(c) Notes of discussions are recorded and Sub •Committee proposes 
the following draft resolutions. 

e (i) Organisation 

Draft Resolution. — The Sub Committee recommends that the existing 
Research organisations in the various provinces and states should be 
enlajrged and expanded to the extent necessary and new organisations 
set up where none are available to study and carry out experiments on 
a co-ordinated basis on rotation of crops both on experimental stations 
and on cultivator’s fields. 

c (ii) Scheme of experiments 

Draft Resolution. — In regard to methods and scheme of experiments, 
the Sub Committee recommends that work may be done on the follow- 
ing lines : — 

(i) a soil survey of the tract should be undertaken and the soils 

classified according to the genetic system. Experiments 
on special soils such as saline, alkaline, and water logged 
sails should be carried out separately from general experi- 
ments on other soils. 

(ii) The seasonal and climatic conditions. 

(iii) (a) The irrigation supplies available in regard to the total 

volume and its seasonal and daily distribution. 

(b) Economical use of water and sale by volume. 

(iv) The conditions of water tables and its relation to season and 

rainfall and irrigation sources, 

(•{) Scheme of rotation of crops to take note of items (i) to (iv) 
and ryots ’ needs and • economics of cultivation by way of 
(a) food, fodder, green manure, cash commercial and 
Leguminous crops and (b) availability of manure and its 
relation to the allied problem of use of animal dung as 
fuel. Selection of crops will be left -to the provinces and 
States. 

(vi) Suitable safeguards in the scheme of experiments should be 

provided to allow for border effects and different crops in 
adjacent areas (and reproduction in research stations of 
conditions of practical value applicable to ryots’ fields. 

(vii) In case of field experiments under ryot’s conditions, the 
scheme of crop rotation should vary in relation to the soil 
zones and other factors such ns village sites, malaria in- 
cidence etc, 
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(viii) Where sowing and planting of a crop extends over a period, 
e.g. 45 days, in transplantation of rice crop, effects of vari- 
ations iu the actual dates and periods of sowing and plant- 
ing within the total period of 45 days should be studied. 

(ix) With a view to study long term effects of crops in soils, ex- 

periments should cover at least 3 rotational cycles, with all 
the crops of the rotational appearing in each year. 

(x) There should bo full co-ordination between Irrigation and 

Agricultural Departments in these experiments. The notes 
of discussion contain tentative suggestions for cropping 
schemes under differing conditions of intensity and workers 
may be invited to study these notes and the work done in 

(a) Lyallpur farm in the Punjab. 

(b) Sugarcane Research Station, Shahjahanpur. 

(e) Sugarcane Central Research Station, Push, Bihar. 

(d) Sugarcane Station, Padageon, Bombay. 

(e) Agricultural Research Station, Siruguppa, Bellarv District, 

Madras. 

• c (iii) Collection of data. 

In regard to collection of data, the Sub-Conunitlee recommends that 
the data collected should include the following : — 

(a) Genetic Soil types. 

(b) Daily rainfall and temperature, humidity and other mete- 

orological factors. 

( e) Irrigation water supplies, quality of water. 

(d) Rise and fall of water table, and quantity of ground water, 

(e) Crops yields and economies of cultivation expenses and not 

return to the cultivator. 

(f) Incidence of weeds, insect pests and diseases. 


SUBJECT No. 7. 

Hems I (a) to (c) on the agenda. 

The Sub Committee records the note on the progress made under the 
above items of the agenda. Only two provincial Governments and two 
states have replied. The replies from other Governments may be called 
for and the matter discussed at the next meeting. The Chairman men- 
tioned that the matter was discussed at a recent meeting of the Irrigation 
Development Board, Madras and the views of the Board would be re- 
ported to the Indian Council of agricultural Research in due course. A 
scheme of experiments in regard to rice crop .with a view to determine 
thc»* requirements of water for the maximum yield of erop per acre, irres- 
pective of quantities used the maximum yield per Cft. of water ir- 
respective of area irrigated, is under consideration. 




APPENDICES I-VII 


112 





113 


APPENDIX I 

Notes read at the meeting on subject No, 1 [1(a) and 1(b)], 
Notes on subject 1(a), by — 

1. Dr. R. Y. Tamhane 

2. Drs. B. P. Pal and N. Parthasarthy. 

3. Dr. R. D. Asana. 


Pages. 


4. Dr. B. K. Mukerjee. 

5. Capt. V. M. Chavan 

6. Mr. E. A. R. Banerjee. 

7. Mr S. Sen 

Notes common to subjects 1(a) and 1(b), By. — 

8. Mr. C. M. John. 

9. Mr. M. B. Narasinga Rao 

10. Mr. R. Balasubramanyam 

11. S. B. Harehand Singh. 

12. Mr. R. B. Ekbote 
Notes on subject 1(b), by, 

13. Mr. S. Sen 

14. Mr. M. R. Balakrishnan. 

15. Mr P. D. Karunakar 

16. Dr. R. R. Aggarwal 

17. Dr. Dalip Singh 

18. Dr. J. K. Basu 

19. Mr. I. Chatterjee 

20. Mr. M. D. Mqhta 

21. Drs. S. V. Desai and W. V. B. Sundara Rao. 
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SUBJECT No. 1(a). 

•* * • * 
Z7ie need for breeding crop varieties adopted to varying levels of Soft 
'Fertility and for special condition of soil and climate. 

BY 

Dr. K, V. Tamhake, 

Indian Agricultural Research Institute, Keio Delhi. 

For a successful growth of plant in crops production, knowledge of 
the requirement of tbe plnut and the knowledge of the capabilities of the 
soil is very essential. Soil is very much like n living thing born of parent 
rock and slowly developing under the influence of climate, vegetation and 
relief. Although climate is largely responsible for different type of vege- 
tation yet there is a close relationship between- soil and climate, partly 
directly but more largely indirectly through the vegetation. Climate 
and vegetation os they impinge upon the parent roek may he regarded as 
the nctive force in soil formation yet cognisnn of topography is also 
taken in the formation of local soils. 

2. Productiveness depends upon maintaining the correct balance of 
mineral elements and humus content in the soil. The fertility of virgin 
soil is associated with continuous supply of organic matter they receive 
from natural vegetation. The mere net of cultivation tends to reduce this 
supply in many soils. Vegetation introduces tile biological factor into 
spil formation. The organic matter which ultimately returns to the soil 
becomes the food of a varied and multitudious population of insects and 
micro-organism. But the chief climatic fact ors-rainf all. temperature and 
humidity influence the amount of various chemicnl elements and compounds 
in the soil In humid regions where there is n large excess of rainfall over 
evaporation, leaching of more soluble substance takes place and many 
a time they arc lost from the soil. Through the washing, the soils in 
humid region have lost much of their lime, potassium and some other ele. 
rnent.s too. While on the other hand the influence of the vegetation on the 
soil type becomes less and less as the climate gets drier. In dry regions 
the soils have kept much of the calcium, potassium and sodium. To a far 
gi'eatcr extent, however, the plant genera and determined by the chemical 
and pin Meal properties of the soil and particularly of its salt content, 
which assumes a predominant importance in the soii and alkaline soils of 
very arid regions Broad plant communities will be found to coincide 
with soil association. Various plant communities indicate saline or alka- 
line patches, free or impeded drainage or drought condition. Thus soil, 
climate and vegetation might be regarded ns a complex of which develop- 
ment of each is dependent on the other. 

3. However, in time the soil approaches an equilibrium in which tbo 
forces of depletion — leaching, erosion and removal «>f material by plants 
and animals balance the forces of removal. Tf any factor of environment 
c.g., the vegetation, climate, and slope varies the soil will take on a diff- 
erent character and will tend towards a new point of equilibrium. But 
such changes occur in nature usually very slowly. Climate may also change 
gradually, hut when man removes the native vegetation m\ replaces it 
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with plants of his own choosing an enormous change is sometime made. 
This change may improve the soil and make it more productive for the' 
future or it may reduce its productivity, depending upon the crops grown, 
the management practices and the soil condition. 

4. With all the limitations mentioned above it is still possible to make 
some progress in having suitable varieties of crops for different tract in 
the Dominion. In India on a very broad basis there are nearly 21 major 
soil groups and 10 major climatic belts. Even within these major groups 
there are many types which are not yet identified and studied. Yet taking 
on a broader group viz., Black soils, these soils vai'y ill depth from as shal- 
low as 1 to 2 feet deep to as deep as 20 feet. Different varieties of crops 
like cotton, wheat, jowar, Bajra are associated with this type. So widely 
has eotton become adapted to different climate and soil condition that short 
staple but strong cotton variety is grown in some parts of Bombay Provin- 
ce, while a better quality is taken in parts of Central India, Central Provin- 
ces and Berar and also in some parts of Gujarat (Bombay). Similarly in 
soils of high salinity growing particular variety of crops which will de- 
plete the soil of its high salt content becomes a necessity. Some salt re- 
sistant varieties of vice and some legumes are many a lime taken to reclaim 
such soils. The varieties of sugarcane and its growing has been developed 
in India on its adaptation to particular soil and climatic condition. There 
are many different kinds of sugarcane known in India. Northern India 
for example has thin variety which has very well adapted to the region 
while in Southern part of Vindyas a thick variety of cane is found more 
suitable. Thus the situation of sugarcane growing lias been completely 
changed within the past, few year and a number of variety of canes have 
been put forth that are far .better producers than those used in the past. 
Growing of legume to improve tho fertility has been established. Bersecm 
appears to be one of the legumes that- can be grown under Northern India 
condition where low temperature and water facilities exist. Even in the 
same variety different species response differently e.g. Lupins (a legume) 
differ in this adaptation to soil of different fertility levels. Yellow lupins 
do well on moderately acid, light sandy soil of low fertility. Blue lupins 
require neutral or slightly acid soil of moderate fertility, while white 
lupins need fertile, neutral soil for satisfactory growth. 

Thus there arises a need to have different varieties of crops for differ- 
ent levels of soil fertility. The climate of a given region is seldom entire- 
ly favourable to all the crops wc may need. High temperatures may in- 
terfere with satisfactory crop production and a low , temperature, may 
reduce yields or quality. Similarly the moisture variations may be be- 
yond the adjustment limits of the crops, the common experience being a 
short crop because of draught. t . 

Fullier the climatic conditions very decidedly affect the severity of 
plant diseases and if these are favoured, they may be limiting factors 
in production. The fertility of our soils- is constantly being reduced by 
tlie erosion menace 1 . Vast areas! have been ruingd by e'osion 
and to restore these areas and to control further the ingress of! 
erosion we have to develop cripping system which should include the 
.soil binding varieties of grasses and fertility building varieties or legumes 
to develop the affected areas. 

LioiCAR 
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Climate cannot be changed to suit the crops nor the soil be changed 
so easily. Nature imposes here a limit and to adopt a plant to a drastic- 
ally changed environment requires that some distant cousin (a plant 
genus) , which can thrive under such conditions be available for plant 
breeder to use in hydridization. So the best way to derive full benefit 
of the Existing condition of soil and climate in India is to develop suitable 
varieties of crops to suit the different tracts of India. For such investi- 
gation we need to know our soils correctly and then such a programme will 
be feasible. In U.S.A. investigation on hybrid-corn has yielded much 
profit to the nation as well as to the cultivator. Similarly research on 
cotton has developed one variety community programme to produce uni- 
form lots of high quality cotton. Without improved varieties there 
would be no incentive for the farmer. 


SUBJCT No. 1(a). 

“ The need for breeding crop varieties adapted to varying levels of soil 
fertility and fdr special conditions of soil and climate ”. 

B., P. Paii and N. Parthasarathy, 

Division of Botany, Indian Agricultural Research Institute, New Delhi 

Crop yield is the measure of the response of the crop to the inter- 
action of environmental factors on its genetic make-up. The wide varia- 
tion in the yield of any particular crop (c.g. wheat, rice sugarcane, etc.) 
recorded in the different regions of India is therefore a measure of the 
economic suitability of the crop for those regions. The Plant Breeder’s 
function has been to evolve types with different genetic constitutions to 
fit in as best they may in the respective Tcgions for which the improvement 
in yield was required. Successful results have been achieved to a great 
extent in sugarcane and to some extent in other crops like wheat and rice. 
Such success depended on the nature of the crop and the availability of 
suitable plant collections for use in breeding. 

Considering the wide ranges of climatic and numerous soil types and 
the different agricultural practices obtaining iu India tbe problem of crop 
improvement through breeding cannot be a simple one, as it must involve 
the study and estimation of responses to the clearly analysable environ- 
mental factors which affect plant growth. Some of these factors, e.g. 
agricultural practices like sowing, spacing and manuring,, can be altered 
at will, hut other important factors such as the season (which is always 
subject to changes) and the soil with gradations in its nature and fer- 
tility, are difficult if not impossible to control. 

The cultivable tracts in Jndia fall into at least ten major climatic 
belts and most of the crops are found distributed in more than one of 
these belts. The yield figures are therefore not uniform and vary con- 
siderably shoving the broad effects of climate on crop growth. Ex- 
perience has led. to the choice of suitable varieties or species in the differ- 
ent climatic regions and this has to a great extent off set the limitations 

nwa +a Alimn ^ 
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Although climate representing mean annual rainfall, mean tempera- 
ture and hours of sunshine is an important factor for plant growth and 
limits the adaptability of crop species and varieties, it is recognised that the 
foundations of crop culture is the soil and crop growth is the resultant of a 
single biological system involving the nature of the plant, the soil and the 
enveloping atmosphere. The crop is therefore at its best when it is in 
harmony with its growth environment. 

The question arises ns to how far the present methods of breeding 
crop varieties are satisfactory and on what lines modifications need to be 
made to fit in the most efficient strains or varieties in relation to the 
growth environment. 

Breeders have no doubt, recognised the limitations of climate and 
the^ picking out or selection of plants is therefore carried out in local 
varieties or in hybrid populations, in the respective representative 
climatic tracts. However, such selection and tests for yield have been 
and still are being carried out at a single level of soil fertility which is 
believed to be obtaining in the locality or region concerned. Prom the 
report of the All India Soil Survey Scheme (Roy Chowdhri 1946) it 
may be seen that the extent of soil diversity obtaining in the provinces 
aiid States of India is so wide that at least 21 major soil types can be iden- 
tified and so any marked differences in the responses of varieties to 
different levels of soil fertility and soil types would naturally modify the 
performance of the strains envolvcd at one level of soil fertility. It is 
only if such differences are non-existent or quite unimportant that the 
relative value of diferent varieties as shown by trials under a single test 
of soil conditions can be regarded as reliable and conclusive. Actually, 
recent, experiments have shown that this is not the case and varieties 
respond differently to soil type and manuring. 

Experiments conducted on cotton varieties (Growther 1938) in 
Egypt under different levels of nitrogenous manuring have established 
the differential responses of the varieties to manuring. In Pusa, one of 
the newly evolved wheat strains under trial proved to be superior to N.P. 
52 under manured conditions while under no manure the latter type was 
the best (Report, of Imperial Economic Botanist, 1933-34, Indian Agri- 
cultural Research Institute). 

That varieties respond differentially to different fertility levels of 
soil is also amply illustrated by the experiments on wheat (Lamb et al 
1936) and maize (Moors 1933). The responses were so very distinct that 
in some eases there was a reversal of the order of performance under 
different fertility levels. (Worzella 1943) studied the grain yield and 
total weight straw and grain) data for five varieties of wheat grown 
on three levels or soil fertility on each of three soil types during the five 
year period of 1936-41. Some varieties yielded relatively highly on the 
well fertilised plots while others were more efficient on the low fertility 
plots. Similarly, Jenkins et. al (1934) hove indicated the possibility of 
developing strains especially adapted to soils of high or low fertility. The 
selection of a variety therefore depends upon its efficiency for maximum 
production under a particular level of fertility. 
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# Investigations on the bebaviouj? of varieties regarding theiy responses 
to important jnanuj’ial ingredients, such as phosphate and potash, have 
also brought out the fact that yarieties .can be bred for growing in soil 
types known to be deficient in some essential constituent for other 
(Gregory and Crowtber 1931, Lyness 1936), 

Investigations on the responses of wheat Yarieties to different levels 
of fertility are now in progress at the Indian Agricultural Research 
Institute. 

The varietal preferences are so very subtle that even alterations in 
cultural .practices may have a distinct effect in tlieir responses. Sulcats- 
chew 1928 has shown that altering density of the total number of plants 
per plot alters both the survival of seedlings and the fertility of the sur- 
vivors in Taraxacum and a pure line -which was inferior under one set of 
conditions might oust the rest when conditions were changed. 

The above results have a direct and important bearing on plant -breed- 
ing and variety testing programmes. Growther (1938) has rightly re- 
marked that “ the existence of interactions between variety and manur- 
ing, both nitrogenous and phospliatie, suggests that similar varietal differ- 
ences will arise on soils which differ naturally in supplies of soluble 
nutrients. Thus, in experiments laid down for the purpose jf variety 
selection it may well happen that the varieties will emerge in one order 
of yield on land of high fertility, in a different order on laud deficient 
in available nitrogen and in a third order on land deficient in phosphate. 
A plea is therefore addressed to plant breeders that they not only lay 
down their variety trials on sites representative of the different soil types, 
but also adopt generally the practice of including mammal factors, not 
merely in the final commercial tests but even in the early stages of selec- 
tion. A combined factor experiment need not involve a great increase in 
the number of plots, for the usual number of repetitions of each variety 
can be distributed over the manuriai comparisons, providing both a 
straight comparison of the behaviour of the individual varieties with 
different types or rates of manuring”. 

The reorientation of the breeding programme as outlined above is 
particularly important in industrial crops like sugarcane, cotton, etc., 
where ample facilities for a high level of cultivation in the shape of manure’ 
irrigation, etc., are not lacking. It is the task of the breeder, therefore, to 
select the right type of variety which will yield best under optimum con- 
ditions of manuring in relation to the different soil types. In the ease 
• of food crops also, in which there is a growing deficit of production in 
the country, it will be necessary to change the method of breeding and 
cultivation. If more food grains are to be produced it can be done only' 
by increasing acre yields as not much new land is 'available for cultiva- 
-tion. Acre yields, however, can be increased only bv improviug the soil 
•productivity by proper manuring and irrigation and growing suitable 
varieties that will respond to high level farming. Varieties will thus 
have to be selected and tested under different levels of manuring related 
to the various soil types and only those which will give maximum yields 
Under optimum conditions released for distribution to farmers 
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Jt is, consequently important J fo ‘consider the requirements of the 
cropping system as- a whole and to maximize production. There is need 
for research* for obtaining a favourable balance of the important mineral 
'nutrients, organic matter, inicroflova and suitable physical conditions of 
the soil. The plant breeder has therefore to produce types under an en- 
vironment geared to a high level of fertility, conpnensurate with economic 
returns. He lias to lay down his trials for selecting of varieties under 
conditions of sound farming practices determined by coordinated ex- 
periments conducted by the Agronomist, Chemist, and Soil Physicist 
working together, in typical localities representing the different climatic 
and soil belts. 
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SUBJECT No. 1(a). 

Note V y Dr. n>. D. Asana, Division of Botany, l.AJt.1. on subject No. 1. 

The importance of estimating the effect of environment is almost 
patent in the ease of a breeding programme aiming at producing varieties 
of crops suited to special requirements of particular areas. The simplest 
way of estimating this effect obviously is to try out in different environ- 
ments varieties produced in one locality. This method is evidently labour- 
ious and time consuming. Could it be short-circuited by any means ? 
In other words, could the performance or suitability of varieties under 
different environments be predicted with a reasonable degree of accu- 
racy without resort to the extensive and laborious trials referred to 
above ? Unfortunately it is not possible to answer this question un- 
equivocally in the affirmative. For achieving this objective it would seem 
necessary, in the first instance, to have information on certain broad cor- 
relations between growth and yield and environmental factors of major 
importance. It is intended briefly to discuss the lines in which informa- 
tion in this connection could profitably be sought. A specific case, viz., 
wheat breeding in India may be considered. 

Temperature, as Howard (1924) pointed out, is an important en- 
vironmental factor in wheat production in India. “After the monsoon, 
the sowing of wheat is regulated by the point reached in the gradual 
cooling of the seed bed. Towards harvest the crop has to ripen under 
a rapidly ascending temperature when hot dry winds are frequent. 
To some extent therefore, wheat growing in India is a gamble in tem- 
perature”. Chinoy (1947) has also obtained quantitative data confirm- 
ing Howard's generalization. 

There is also to be seen within the country a gradual decrease in the 
length of the growing period with decrease in altitude, due no doubt to 
its inverse relation with temperature. 

Day length is also important factor influencing growth and develop- 
ment of the wheat plant but within the country it does not seem to bo 
(at least in the main wheat growing tracts) as important a factor as tem- 
per ature as indicated by the data in table below : 

Mean Day length ( from sunrise to sunset) in hours and minutes per day. 


Tract 

^ Latitude 

Novomber 

December 

January 

February 

March 

Delhi 

30 C N 

10, 42 

10, 10 

10,24 

11, 13 

11, 64 

Ui R • » 

32 o -&ra 

10, 23-10, 

38 

1 0, 61-10, 

37 

10, 2-10, 

44 

11, 7-11 

17, 11,61 

11. 50 

Bihar 

28°-22.°K 

10, 42-11, 

13 

10, 10-10, 

67 

10, 24-11, 

2 

. 

11, 13-11, 

29 

11, 64, 11, 

68 

Bajputana and C, 
India. 

30-22 0 N 

10, 42-11, 

13 

ft 

f» 

»» 

l» 

C. P. 

24-20°N 

10, 08-11, 

13 

10, 37-10, 

60 

10, 44-11,2 

11, 17-11, 
25 

11, 60, 11, 
68 

Gujrat, Kathiawar, 
Khandcsh. 

23-20°N 

99 

» 

*1 

II 

1* 

Hyderabad (Deccan) 

20-10‘N 

11, 13—11 
27 

10, 67-11, 

16 

11, 2-11, 19 

11, 28-11, 

88 

, 11, 68, 12,0 









































The adverse effect of atmospheric drought (rapidly ascending tem- 
perature and hot dry winds) at the time of the .ripening of the grain can, 
however, be countered by growing early maturing types. Unfortunately, 
the early maturing types posses, generally spealdng, low tillering power 
as compared to late types. It would seem, therefore, worth exploring 
the range of variability as regards tillering in the early types and also 
examining how it is influenced by temperature. It is felt that this in- 
formation would be of considerable help in assessing the adoptability of 
a variety, bred for instance in Northern India, to central and peninsular 
Indian conditions. 

Another important factor influencing wheat production in India 
appears to be soil moisture. The average yield under irrigation is, on 
the whole higher, the difference being accentuated in seasons of deficient 
rainfall. The area of non-irrigated wheat tracts is, however, by far the 
greater. It would seem useful to investigate whether growth and yield 
of wheat suffer at the oil moisture level between wilting coefficient and 
field capacity. Opinion is divided regarding the effect on growth of soil 
moisture between these two limits. According to Veihmeyar and Hend- 
rickson (quoted by Kramer — (144) — ) the growth and quality of apples, 
near, grapes, peaches, prunes, walnut and cotton were not affected by the 
moisture content of the soil unless it fell to wilting percentage and re- 
mained there for some days. These plants did no better on frequently 
irrigated plots than on plots where the soil moisture was allowed to fall 
to the permanent wilting percentage before Water was applied. As op- 
posed to this view Kramer cites considerable evidence to indicate that 
water is not equally available to plants over the entire range from field 
capacity down to permanent wilting. Preliminary experiments at the 
Indian Agricultural Research Institute also indicate that growth of wheat 
does suffer between these limits of soil moisture. It would seem useful 
to investigate whether there is any difference between varieties in regard 
to tillering and growth between these limits of soil mojsture. If varietal 
differences in respect of this are found to exist the stage would be set for 
the other more arduous investigated of correlating these difference with 
morphological and physiological characters and their mode of inheritance. 

Yield is related to ear size, fertility of spikelets, grain weight etc., 
besides tillering. The recent observations of Singh and Alam (1944) 
Lyallpur indicate that spacing as well as sowing date have considerable 
effect on the number as well as fertility of spikelets. It would seem, 
therefore, useful to determine how far these characters of different 
varieties are modified by environment. 

In regard to the problem of breeding varieties to suit different 
nutrition levels of the soil it may be suggested that the differential Response, 
if any, is lik ely to be modified -by the length of the growing period as in- 
fluenced by environmental factors, particularly temperature. For ins- 
tance, a variety bred at Delhi might show differential response to nutri. 
tion levels under Delhi conditions hut may not necessarily do so in an- 
other environment yrhere the growth period is shqrter. , . , , r . 



122 


How far do physical properties of the soil influence growth of wheat 
is worth considering in relation to tho distribution of varieties in India, 
In the non-irrigated areas of central and peninsular 'India durum wheats 
predominate whereas the ‘ vulgare ’ wheat appear to be typical of the 
alluvial soils of the plains. 

Since about 30 per cent, of the total dry matter of the plant is a$si» 
milated after ear emergence the effect of environment during the post- 
emergeuce period on different varieties requires also to he investigated. 

To sum up, the following lines of study are suggested ns prelimi- 
nary steps in a breeding programme aiming at producing varieties of wheat 
suited to different tracts of India : 

(a) The range of tillering in varieties, particularly of the early 

and medium types ; 

(b) Influence of temperature and soil moisture on tillering; 

(c) Influence of temperature and soil moisture on growth after 

ear emergence and on car characters-: 

(d) Interaction of nutrition levels with length of wrowlh period. 

Not much difficulty should be experienced in effecting control of tem- 
perature in these conditions, especially at Delhi, since the temperature, 
requiring to be studied would be higher than prevailing ones and this 
could be more easily manipulated by means of electric heaters than if it 
were a case of maintaining lower temperatures. 
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A note on the need for "breeding crop varieties suitable for different soil 
and climatic conditions, with especial reference to sugarcane is* tn/> 
United Provinces (Item I of Agenda) 

I3T 

B. K. Mukekji, Ph.D., D.Sc,, 

Director , Sugarcane Research , Sliahjahanpur. 

Each individual crop variety or a species is the resultant of the in- 
teractions between the innate equipment or heritage and the environment. 
Innate equipment is the most important factor in determining the type 
of the individual variety, since it is with this that the individual starts 
its developmental life. Eviromnent too is no less important, for due to 
the lack of a suitable environment a good heritage may come to naught 
like a good seed sown on stony soil. Nevertheless, it is true that even the 
most optimum environmental condition cannot make up for defective 
heritage. Any breeding programme for the future should, there lore, take 
.both of these factors into consideration, since one without the other will be 
inadequate, and will only result in the wastage of efforts of the plant breed- 
er. Sugarcane crop in this country is grown under very dives? soil and 
climatic conditions, which have resulted in special local adaptations of 
varieties. If any further success is to be desired in increasing yields 
per acre, the attention of the cane breeder must, be directed to evolving 
new varieties which could adapt themselves better to the local conditions 
of soil and climate. 

Soil and climatic factors determine principally the sucoe-s or failure 
of a variety in a particular locality. A variety suitable in Peninsular 
India, Bengal or Assam may not bo suitable for the plains of the United 
Provinces. Even within a Province the suitability of varieties may vary 
from place to place. Co. 39.1, Co. 393, Co. 370 and Co. S. 109 are all 
suitable for the Eastern districts of the United Provinces, but are a failure 
in the Central and Western districts. Although the genetic make up ot 
a variety remains the same at all places, vet it responds differently to 
varying soil and climatic conditions. At a place where the interaction bet- 
ween the genetic make up and the environment complex is favourable, the 
yields are high ; while at places where the interaction between the genetic 
make up and the environment is unfavourable the yields are low. The 
breeder cannot, therefore, supply a ready-made pattern for every loca- 
lity by .fust confining himself to one locality. If he does it, lie is leaving 
too much to chance in the earlier stages of selection, and is thus likely 
to lose a considerable amount of promising breeding material which have 
been good elsewhere. An instance may be cited. Some seedlings were 
raised at Shabjalwmpur from fluff collected locally. All these seedlings 
oresented a poor performance at Sliahjahanpur and v ere rejected for 
further inclusion in trials at. the station. Thinking that they might fare 
better at Gorakhpur, they were sent there and showed good results 
What was a ‘ rejection * at Sliahjahanpur was a ‘ selection ’ for Gorakh 
What was a ‘rejection’ at Sliahjahanpur was a ‘selection' for Gorakh- 
pur. This shown bow important is the problem of primary selection in 
L61ICAK ' ■' 
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The present method of evolving sugarcane varieties, besides intro- 
ductions from abroad, is based on bringing together of parents which are 
calculated to impart to their progenies the characteristics desired for a 
particular environment and then to make selections year after year out of 
the innumerable forms thus obtained. But this is hardly enough. The 
cane breeder has no proper criterion for selecting his seedlings excepting 
visual observations which are often quite- deceptive. As the sugarcane is 
a heterozygous polyploid, and when propagated through seed throws out 
innumerable diverse forms, grading from wild Saccliarum types to good 
thick noble types, the problem is further complicated. 

Varietal differences are subordinate to soil, climatic manurial, ji'ri- 
gational and other cultural treatments. It has been found out that en- 
vironments contribute so much to the variability of the breeding material 
that genetic effects may remain undetected by the usual methods of test- 
ing. A variety supposed to be medium or late in ripening may actually 
ripen earlier or later in a different environment. Co. 450, a medium- 
ripening cane variety in the Western and Central districts of the United 
Provinces, become early in the eastern districts and proves even earlier 
than Co. 343, a standard early variety. When such are the differences 
caused by soil and climatic conditions on the performance of varieties how 
can the breeding work be centralised at one place ? Should not, therefore, 
the work of breeding varieties be carried out at various centres distribut- 
ed all over the country ? The fixing of these stations should be based on 
geographical classification of the 'country according to soil and - climatic 
peculiarities. This is a pre-requisite to starting off any sound breeding 
programme, if any advance on right lines is to be desired for securing 
varieties adaptable to different soil and climatic conditions. Variability 
of seed material under all climatic conditions no doubt forms a very 
serious limiting factor to the success of breeding work in sugarcane, hut- 
recent physiological researches seem to have paved the way for overcom- 
ing this obstacles. Geographical classification of the country according to 
climatic and soil regions will not only put breeding work on sound lines 
but will also go along way to helping the agronomist in preparing proper 
manurial and cultural schedules. 

Climatological classification of the United Provinces on the basis of 
Lang’s factor has already been done and is likely to serve a very useful 
purpose in deciding future lines of work in crop breeding. The "province 
on this basis has been divided into well defined climatic regions. Bach 
of these regions nceeds to he surveyed according to morphological, 
physical and chemical properties of the soil. This is a huge task° and 
must be finished as early as possible. The usefulness of this work is 
very well established and was realised by this Board long ago. Soil 
survey . which was taken . on the Agricultural Chemistry °Seetion of 
the United Provinces is still m its infancy but whatever has been done 
m the few districts has already attracted the attention of the cultivators 
as well as the owners of large farms, and the results emerging from the 
survey are being widely utilised. This survey has also helped us in 
locating places for our zonel trial .work which has been mainly started 
m this Province for selecting varieties and formulating 'manurial 
schedules for different localities, differing among themselves in climate 
and soil types. - . ’ - 
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Each soil tract within a particular climatic belt should form 
unit l'or work on breeding and selection . Plants in a particular sou rac 
have been growing there for generations and have adapted themselves o 
the local agricultural and climatic conditions, and now' they exist m a 
static equilibrium with the environment. These plants, both wild an 
cultivated, should form the breeding material for future evolution of crop 
varieties. This material will provide, like a stock to the scion in gar en 
plants, a well adapted root system and physiological make up, resistan 
to the fluctuations of the local faetors-iudispeusable for the success oi a 
new variety in a particular tract. 

Boot system is an important part of the plant. The adaptation of 
a variety mainly rests upon it. Some work on the relationship between 
the roots and the soil types has been done at Gorakhpur as well as at 
Sliahjahanpur. The results obtained clearly show that there exists an 
interaction between the type of the root system and the type of the soi. 
Besistanee to drought, water-dogging and abnormal soil formation is 
mainly correlated with the root syst&m of the varieties. The varieties 
which are resistant to these factors possess root system which can have 
their spread aud absorption under those peculiar conditions. There ar« 
numerous eases where varieties have failed iu a particular sou tract no 
oiviiig to the unsuitability of the climate, but due to some quality of tlie 
soil inhibiting root growth. But when factors which retarded ie 
growth of the roots were removed the variety grew very well. 

The study of the relationship between the root formation and the 
soil is still in a preliminary stage in this country. But intensive work 
on this line will undoubtedly release valuable information on the suit- 
ability of the varieties to different soil tracts. This information win 
also help the breeder in spotting out varieties suitable to different sou 
tracts oven before they are tested in a regular varietal trial. 

Varieties respond difficulty to manuring. At Sliahjahanpur a 
significant interaction has been discovered between varieties and level 
of soi.1 fertility. Medium and late ripening cane’ varieties, like Go. 
and Co. 331, generally show a better response to nitrogenous manuring 
than the early ripening ones. For the same quantity of manuring, an 
early variety wjll give n lesser return per lb. of nitrogen applied than the 
medium and late ripening varieties. It is an important point and lias 
much bearing on securing high yields within economic limits. In breea- 
jjvr varieties for sugarcane, therefore, attention should also be directed 
to'tlie discovery of varieties which might give better return for every lb. 
of nitrogen added to the soil. 

Our yields arc generally lower than wliat are obtained in the other 
sugarcane growing countries of the work. Breeders are criticised foi 
this low yield. But perhaps it is not generally realised that there are 
numerous considerations which have to be kept in mind before such com- 
parisons are made. Our country is in fact a large continent having 
widely divergent climatic and soil regions. In other sugarcane produc- 
ing countries, the areas under sugarcane are comparatively more com- 
pact tho climate is far l^s divergent and the growing season far longer 
than what is obtained in most parts of this country. Plnut brooding in 
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sugarcane lias already achieved spectacular success* in increasing our 
yields. But this success can be much more if breeding of varieties be 
adopted on regional basis, so that varieties suitable for every soil tract 
and environment could be discovered. By extending breeding work to 
dift'errnt regional stations, distributed all over the country according 
to different .soil and climatic regions, it should he possible to evolve and 
formulate selection standards by isolating characters which contribute 
to yield, and by establishing various morphological, chemical and physio- 
logical relationships between the varieties and the environment. This 
alone can ultimately bring about an effective and rational improvement 
in our present methods of evolving crop varieties suited to different 
tracts. 


A NOTE OX SUBJECT !(a) 

‘ The nrcfl for breeding crop varieties adopted to varying levels of soils 
fertility and for special conditions of sdil and rlmate ” 

n v 

CA!‘TVI\ t V. M. (’ll A VAN, 

Py. Dire, 'tor of Agricultural , ( Crop Research). B. P. Poona. 

T lip need fer evolving crop typos suited to different environmental 
conditions is undoubtedly very great. Crop environment of a given re- 
gion is the influence of the interaction between the climatic, cdaphic and 
biological factors operating there, and quantitative plant growth depends 
on a harmonic balance of* such factors. A breeder often finds that a 
parti, ulnr pn,j, type j s JH)t suitable to different soil in a tract. In a 
region sods may greatly differ in their fertility. The soils of the hill 
ranges difler Jrom those of the plains ns well as from those of the vallies 
a concrete ease of the Bombay rice tract, we find a definite 
Salient running along the? terraced beds from top to 
a result that the higher poor lauds can only support early 
Ops of rice, the intermediate zone, the mkllate types and the lowest 
" •! 8 ”? td t0 tllc late IJ'Pos, thus the level determines the natural 

late tvneq nf the breeder has to evolve early, midlate and 

A ■ P . }? S!lllle local variety to suit the graded requirements of 

(^alimath and Khadilkar 1935). Such rice types maturing 
I.av Me, cf o, T’ Un< t ,ns ‘ s ! ntp d to different fertility levels of the land 

Krt i"nXtaK mt y ,0 ** " w priMil>nl ™ 

c-iea^clicmtV 7 natm j aI ! ! oil J fertility greatly differs according to the geolo- 

Bomhaf t eip S ee «n an? i a M d bio !°-.' caI Properties of the soil. In 
“v i n . 1 considerable variation in soil fertility • the 'dluvinl 

° p ^njrath, the trap derived areas of the Dpcenn and the mixed 

evolve” suitable” errm + Ka ‘^ ata ^ often ' bnffle the breeders who strive to 
uitable ci op types for these varying regions (Sabasrabndhe 1929) 
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.Two competing sister types of Mugad paddy, viz. and M-249, 

evolved at tlie Rice Breeding Station, Mugad (Dliarwar), were found 
to be suitable to two e^tir'dy different regions of Karnatak ; M-81 found 
favour in the Belgaum and Dliarwar districts ; while M-2-J9 was found 
suitable in the Norther Kanara district. 

A breeder has to cater for tne needs of special soil conditions also. 
Again taking an example from the rice area, sweet rice lands differ great- 
ly from the contiguous coastal salt-land rice belts. Similarly the sugar- 
cane areas of the Deccan canal regions of Bombaj’’ have been classified 
into eight different types according to the physio-chemical properties 
of the soils and subsoils (Basil and Sirur 1938). Such soil differences 
present special problems to the breeder as well as to the agronomist, in 
determining suitable crop types. 

The principal climatic factors affecting crop production are, the 
rainfall (water), temperature, light and wind. The breeder has also to 
build up crop types resistant to special climatic conditions such as frost, 
drought, flood, salinity caused by hi -rush of tidal creek water etc., occur- 
ring in different regions and affecting crops adversely. Very often a set 
of climatic factors bring about special conditions favourable to the deve- 
lopment of plant diseases, parasites or pests causing havoc with the crop 
concerned (Whyte 1947). Consequently the breeder has to assume the 
onerous task of building up types, either resistant to or escaping the 
trouble. The improved types of Dharwar-1 cotton which had practically 
covered the Karnatak cotton area (Kottur 1920), has to be replaced by 
the wilt resistant cotton type, Jaywant to combat the wilt menace, which 
had developed seriously in this region (Prayag 1942). Similarly a rust 
escaping early tj r pe of wheat, known as ‘ J}aya ' and a partially rust re- 
sistant early, synthetic type known as Niphad-4 have been bred in Bombay 
(Kadam .and Knlnarni 1938 and Iiadam 1944). 

Certain adverse factors of crop environments can be neutralised by 
reproducing artificial conditions, yet in order to have economic results, 
the breeder ha.4 often a very limited scope in his agronomic manipulations, 
particularly in extensive cultivation. 

Let us see how the present day breeder has been busy in finding his 
way through the maze of obstacles presented by the vagaries of crop en- 
vironments. 

A large number of plant breeding stations opened in the heart of 
typical regions, largely growing local varieties of a crop, generally yield 
economic selections suited to the respective regions, since the local varie- 
ties are the long standing survivals of the region, and present enough 
variability 1o afford scope for selection. At present Bombay has about 
fifteen such breeding stations for the crop of rice alone. 

By acclimatisation of introduced types, by recent methods of selection 
and hybridization, aud by taking advantages of heritable variations the 
breeder is making steadily a headway. Bide by side with breeding opera- 
tions, agronomic experiments are being conducted at the stations to as- 
certain the requirements of seed rate, spacing, manuring, watering, rota- 
tion, cutural methods, sowing time etc., of the improved crop types. 
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District trials of the best promising strains .are conducted in cultivator’s 
fields in comparision with the local variety, to verify their suitability to 
regions which they are expected to serve. Besides, improved types evolved 
at one station are tested at other stations where they are likely to be 
suitable. Improved strains of crops are maintained pure ; they are mul- 
tiplied stage by stage ; and -suitable areas are covered through well or- 
ganised seed multiplication schemes for the benefit of the growers. 

Necessary help on a very modest scale is being received today by the 
Plant Breeder from other technical sections, which are intimately con- 
nected with Agricultural Research. 

With all these activities of the breeder, are we satisfied with the pre- 
sent progress of plant breeding work to fulfil adequately our need for 
the evolution of suitable crop types? 

The following items need serious consideration in this respect 

Bo long the plant breeder seems to be mostly engrossed in the study of 
purely morphological and, growth type characters, with very little regal'd 
to the physiological characters of the plant. However, the following ob- 
servations are very interesting .- — 


Homozygous derivatives of a complex cotton cross at Dhanvnr behaved 
differently under different manural treatments, millet strain tried in 
Kumool and Cuddapali districts in Madras, gave differential response of 
the same strain at different centres (Swamirno and Subramnnyam 193ft) 
Hancock (1944) found that genetically independent lint properties in 
cotton varieties were greatly influenced by environments. Similarly in 
rice, scentedness which is a gene controlled character (Kadam and Patan- 
kar -938) is observed to be modified by environments. 

The above cases indicate that agronomic trials of promising strains, 
at Research Stations as well as in the districts, will have to be introduced 
much earlier in the breeding programme of a crop. Such a procedure will 
determine the wider applicability of an improved strain, and the problem 
of spreading and popularising a strain in suitable extensive zones, will be 
much simplified. 

Collaboration between meteorologist and plan breeders in making 
phenological observation on the relation between weather and behaviour 
of plants are likely to establish, in the long run, correlations between season- 
al trends in the environment and growth behaviour of a plant. Labora- 
tories for crop weather observations need be permanently established at' 
nil important research centres for principal crops. 

Breeder’s hands need strengthening by technical help from specialist 
such as the Chemist, Physiologist, Cytologist, Pathologist, Entomologist 
Statistician etc All round improvement of a crop is not possible in the 
abscncee of such help. 


Since improvement by breeding is the cheapest, scientific method of 
permanent crop improvement, the breeder richly deserves, every help in 
his ever-lasting struggle with crop environments to ensure’ his success 
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THE NEED FOR BREEDING CROP VARIETIES ADAPTED TO 
VARYING LEVELS OF SOIL FERTILITY AND SPECIAL CON- 
• DITIONS OF SOIL AND CLIMATE. 

If we take the example of Rice crop in Bengal, the breeding work was 
first taken up at Dacca now East Pakistan. Some high yielding strains 
were evolved there, but on extensive test all over Bengal, it was found that 
they were suitable only for East Bengal and part of North Bengal. 
Selection work was therefore started also at Chinsurah for West Bengal 
as part of Dacca work. The problem of West Bengal being totally differ- 
ent and requiring intensive study special staff were appointed in 1932 
with financial aid from I.C.A.R. and two Rice Research Stations — one 
at Chinsurah and the other at Banknra came into being. These two 
Research Stations have since been the main centres for Rice Research in 
West Bengal, the former to tackle the problems of alluvial tracts and the 
latter of Red latcritic tracts. 


Large number of types lmve evolved by these Research Stations to 
suit different tracts and situations which lie within their scope, but these 
are also not adequate for all the conditions prevailing even in the small 
province of West Bengal, if maximum outturn is to be obtained from 
every place by taking full advantage of local potentialities. 

The soil and climate conditions under which Rice is grown from times 
immemorial arc so numerous and diverse that already the crop has under- 
gone good deal of natural selection giving rise to district physiological 
and cultural varieties which are suitable for particular conditions and 
cannot be interchanged, or any particular type be universally adapted. 
The main physiological groups in West Bengal alone are Aman A Aus and 
Boro. Aman is the paddy which is harvested in Winter, Aus in autumn 
and Boro in spring. Aus and Aman are again sown broadcast or trans- 
planted according to conditions and nature of soil and the type of Aus 
or Aman which is suitable as broadcast crop may not be suitable as trans- 
planted and vice versa. The alluvial tracts, the red laterite tracts, the 
' saline tracts and the hilly .tracts of the province again have different and 
' specialised classes of rice only suitable to those tracts;' - - • 
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The Rice crop of West Bengal alone -therefore shows that there are 
great variations in soil, climatic factors etc. and to evolve high yielding 
and better quality rice it is necessary to breed strains adapted to the veil- 
ing levels of soil fertility and special conditions of soil and climate. The 
same is also applicable to all crops in every country if it is desired to 
materially increase the production of food and other commodities. 

Sd.j- E. A. R. BENERJEE, 
Economic Botanist, 
Government of 1 Vest Bengal. 


SUBJECT No. I 
SOIL FERTILITY 


(Note by S. Sen, Division of Agronomy, I.A.R.I.). 

The major factors determining fertility of the soil are : texture and 
structure of the soil, water supply, air supply food supply, organic matter 
content, soil reaction, depth of soil permanence of soil layer, absence of 
injurious substances light and temperature. Other factors which have not 
direct bearing on the soil fertility, but appreciably affect production arc: 
variety of crops and incidence of diseases and pests. The agricultural 
practices which are important as means of mamtaining'soil fertility are : 
cultural operations, rotations of crops and maintenance of live stock re- 
lated to different systems of farming. 

There is a marked interaction among these factors, as the effect of one 
is considerably modified or controlled in the presence or absence of others 
as discussed later in this note. 


Texture and structure of tlic soil 

The proportion of soil particles, such as sand, silt and clay and the 
nature of organic matter present determine the texture of the soil while 
the arrangement of these fractions determine the structure of the soil. 
Clay particles arc active both physically and chomicallv and hence arc 
oj great importance to the fertility of the soil. The * percentage noro 
space is also more m clayey soils Ihnn sandy soils. 

a m r, * e au'-water relations of the soil are dependecut upon soil structure. 
Aggregation ot soil particles into compound or crumb structure lias great 
practical value on soil tilth and crop production. The distribution of 
pores in 1lie.se soils are such that there are large pores between the ag.-re- 
r-ates to permit drainage and gaseous exchange between the soil air and 
the atmosphere and finer pores inside the individual aggregates for the 
. soil to hold water for the use of plants. ° * 01 

Among the factors affecting the structure of tlic soil, the following 
have been found to ameliorate soil aggregation (a) presence nf n riMm ,e 
f ' • C ? tlYation Rations ivlieii the moisture content falls within 

nrpSncIf ?r y “ ai ^ 0w lurut ( c ) growing of grasses and legumes (d) 
presence of lime (e) proper drainage, (f) alternate wetting and dryini 
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The factors responsible for the break down of aggregates are cultivating 
the soil when too wet or too dry, (b) water logging, (c) rain, (d) irrigar, 
tion and (e) frequent applications of soda and potash fertilizers. 

Water supply 

All the chemical changes which take place in the metabolism of the 
plant are carried out in watery solution. For this reason, water is an 
iudipcnsable constituent of the plant, the growth of which is dependent on 
the amount of moisture present in the soil, The soil moisture in humid 
areas is controlled by the addition of organic matter, drainage and culti- 
vation. In drier regions, following and irrigation have been found to be 
effective. 

Air supply 

Plants must breathe in order to ove. By respiration in its typical 
form is understood the oxidation of organic material to carbon diaxide and 
water ; this involves the absorption of oxygen by all plant organs from 
the air. Aeration also promotes the activily of soil organisms. 

The tillage operations facilitate air supply in the soil to a certain 
extent by increasing the pore space. In irrigated tracts, the breaking 
of crust after watering promotes aeration. In well drained areas, pore 
space increases to some extent as a result of drainage. Earthworms 
have also been found to facilitate aeration and drainage. 

Food Supply 

A large number of elements have been found necessary for the 
healthy growth of plants. Those needed in large quantities are referred 
to as major elements. They are : carbon, nitrogen, phosphorus, calcium* 
magnesium, potassium, and sulphur. Elements needed in small amounts, 
usually referred to as minor or trace elements or micro-nutrients are : 
iron, manganese, boron, flourine, iodine, chlorine, aluminium, zins, cobalt) 
nickel and molybdenum. 

Functions and intake of the major elements 

Carbon.— It constitutes about one half of the dry weight of the plant 
and is taken up in gaseous form of carbon dioxide from the air by the 
green leaves. In the assimilation of carbon dioxide, soluble, carbohyd- 
rates are formed in the presence of green chlorophyll under the influence 
of sunlight with the liberation of oxygen. • 

Nitrogn. — It comprises from 40 to 50 per cent of the dry matter of 
protoplasm and for this reason, it is required in large quantities for all 
growth processes in plants. Without nitrogen, plants remain stunted 
and undeveloped. Nitrate is the normal form in which nitrogen is ab- 
sorbed by plants from soils, although ammonia can also be utilised. 
Nitrogen availability is intimately connected with the activities of soil 
organisms. Nitrogen in organic compounds is converted into nitrate by 
a- chain of reaction brought about by organisms. Ammonia may be held 
in the colloid complex ns an exchangeable base in the same way as 
calcium, magnesium and potassium. The leguminous plants eanuti- 
lizes atmospheric nitrogen through the help of symbiotic bacteria which 
infest the roots of the host plant, The bacteria penetrate through the 
JMOIOAR 
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root hairs into the cortex of the J'oots and there give rise to nedulps or 
tubercles. The bacteria live on carbohydrates and at first also ou albu : 
minous substances supplied by the host plant. 

Phophorous . — This element is intimately associated with the vital 
growth processes in plants as it is a constituent of nucleic acid, and nuclei 
in which this occurs are essential parts of all living 1 cells. Phosphorous 
is also of importance in seeds and in connection with the metabolism of 
fats. Compound of phosphorus arc concerned with tlic processes of res- 
piration and with the efiicient functioning and utilization of nitrogen. 
Phosphorus is also of special importance in the processes concerned in 
root development and the ripening of seeds and fruits. 

Phosphorus exists in tlic soil in many forms, both as organic, and in- 
organic compounds. Water soluble forms arc generally most readily 
available to plants, even though they are rendered insoluble almost im- 
mediately after application to the soil. Organic forms of phosphorus arc 
usually less readily available than the inorganic compounds, Phosphates 
undergo many charges in soils both by organisms and by purely chemical 
reactions anfl, even though very heavy dressing are applied, tin* amount 
of water soluble phosphate in the soil at any time is very small. 

The movement of phosphates in soils is very limited, and soils arc 
said to have high fixing powers for phosphates. Heavy soils show higher 
fixing powers then light ones, and soils with high iron content possess 
specially strong fixing properties. The two elements mainly responsible 
for the fixation of phosphates arc calcium in neutral and alkaline soils, 
ami iron in acid soils. 

* Important practical points in connection with the fixation of phos- 
plmtcs are that a large proportion of the phosphates added to mnnv 
soils never become available to the crops, and that phosplintes should 
always be placed as near as possible to the root of the plants. 

Calcium . — One of the main functions of this element is ns a cons- 
tituent of the eps.N wall, the middle lamella of whicli consist largely of 
calcium pcctatc. Calcium also provides n base for the neutralisation of 
organic acids. It is concerned with activities of growing plants especial- 
ly with root tips. ’ 

Calcium occurs in soils in a large variety of minerals. The elejuent 
is readily leached from the soil in humid regions where dressings of lim or 
lime stone are necessary. Calcium carbonate is readily brought into solution 
m soils by means of carbon dioxide dissolved in the soil' water and thus 
a supply of Calcium in soluble form is readily assured. Calcium also 
comprises the major proportion of the elements held as exchangeable 
bases where soils are not strongly acid ami it ’is rcn'dilv brought into the 
soil solution from this state. -* 


Magnesium. It is a constituent, of choroplnjll and is essential to the 
formation of this pigment. Magnesium is also regarded as a career of 
phosphorus in the plant. It occurs in the soil as carbonate. Like eolcimn 
it. is rcptlily brought into the soil solution from the carbonate, and is held in 
. soils as , an exchangeable base. 
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Pdtrt&hliH.— tfiilikfe other mkjor eluents’ potassium' doe* not enter 
into the composition of any of tlife important plSnt dtiiistituents. It is 
present' in all part' of plants in large proportions. It 'seems to be of 
special importance in leaves anil at growing points. 


Among the functions which have been attributed to potassium and the 
processes with which it may he concerned, the following may be men- 
tioned the formation of carbohydrates and pf otiens ; regulation of 
water conditions within the plant cell and of water loss by transpiration; 
as a catalyst and condensing agent of complex substances ; as in accelerat- 
or of enzyme action ; as contributing lo photosyntheses through its radio 
active propfertles.-' The liability to disease is diminished by supplying 
potash. 

Potassium is widely distributed in soil minerals such as potash fels- 
par, mica and glauconite, from which it is slowly converted into soluble 
forms by weathering process. Heavy soils eoiitmn higher aiiiounts of 
potassium than light soils. Potassium is fixed in soils, possibly as an ex- 
changeable base' which appears to be readily available to plants. 

SuiphwK — It occurs in plants as a constituent of protein and of cer- 
taifi vdlatle doiiipbiinds such as mustard oil. It seems to be connected 
witli chlorophyll 1 fonMlion although it is not a constituent of this subs- 
tance. 

Sulphur is present in soils botli in organic and inorganic forms. 
Inorganic sulphur is mainly present as sulphate. Sulphuric compounds 
nrd changed from one form to another in the soil by special bacteria, 
the end product of whose reactions is the sulphate form where conditions 
favour oxidation. 


Minor elements 

The minor or trace elements serve three purposes, viz., (1) catalytic, 
the promotion of oxidation or other essential reactions, (2) stimulative, 
the setting in train of differentiations or other processes vitally import- 
ant to the plant and (3) prophylactic, protecting the plant against disease. 

Organic matter content 

Plant residues, either naturally or artificially added, provide the 
main source of organic matter in soils. These residues vary greatly in * 
character and composition, depending on the plants from which they are 
derived. In rtddilioit to plan! residues soils orgrinisfns and aninial re- 
mains contribute to t.he organic mailer. 

Til the soil the fre’sh material undergoes chemical change, especially 
by Ihe action of soil organisms, and when this has proceeded to the stage 
wherfe the original cellular structure is no longer recognisable, the brown- 
ish product .is termed as humus. The organic matter in the soil at any 
time thus consists of resh and partly decomposed residues and humus. 

.The carbon nitrogen ratio is .usually high for the crop residue*, of 
most lion-legumes. Tn Ihe decomposition of such residues, earbon losses 
ate high', unless 1 here is an adequate supply of nitrogen. The use of 
nitrogpfl witfi carbonaceous crop residues to build organic matter and 
nitrogen reserves varies widely under different conditions. 

The main effects' produced by humus on the soil are 
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(1) It gives a brown or black colour to the soil, un l ess much 

calcium carbonate is present. - a 

(2) It increases the retertive power of the soil for dissolved sub* 

stances. 

(3) In the presencee of calcium carbonate or of sufficient ex- 

changeable calcium, it does not wash down in the soil, but 
remains fixed in the surface. In the absence of sufficient 
calcium however, it becomees dispersed and washed down 
to a certain depth. 

(4) It causes the soil to become puffed up and so leads to increase 

in the pore space. 

(5) It increases the water holding capacity of the soil. 

(6) It swells when wetted. 

(7) It increases the biological activities going on in the so3. 

The soil organisms play a very important part in deter- 
mining the availability if mineral nutrients in soils by 
breaking down plant residues and also by providing carbon 
dioxide which, in combination with water, is of great im- 
portance for the weathering of the soil minerals. 

Soil reactions 

Three possibilities have been studied as to the actual cause of the 
injury to plants on acid soils. 

(1) Direct injury by the acid (hydrogen) irons. 

(2) Soluble aluminium compounds resulting from acidity of the 

soil. 

(3) Lack of calcium. 

Liming offers a means of improving the acid soils. 

Depth of soil 

The layer of soil in which plant roots can develop freely is deepened 
by the following methods. 

(1) Drainage, where the water table limits root development. 

(2) Deeep ploughing or subsoiling to break up a compact layer or 
plough pan. This appears to be effective only where organic matter is 
added to the freshly broken lower layer. 

(3) The growth of deep rooting crops, the roots of which can both 
penetrate the subsoil and on dying, enrich it in organic matter. 

Permanence of the soil layer 

In semi-acid regions, the soil remains fairly stable so long as it ha* 
some covering of vegetation, but it readily breaks down to dust if the 
vegetation is removed and the fibrous roots that held the particleB to- 
gether become oxidised. 

Throe methods have been particularly destructive. 
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(1) Over cultivation, especially alternate cultivation and of allow- 
ing with no period of rest in 'grass. * ' 

(2) Overstockings putting too many animals on the land, so that 
the vegetation was eaten down too rapidly to allow the cover to be main- • 
tained. 

(3) Cutting down the forests and making no provision for regene- 
ration or replanting. 

In one and the same tract, erosion may take place both by rain and 
by wind, but there are important differences between the two agencies. 

Erosion by rain storms . — The important factors at work are : 

(1) The effective rainfall, i.e., the rain that runs off carrying soil - 
with it. 

(2) The vegetation cover, Erosion under cultivated crops is consi- 
derably greater than under forest of undisturbed natural vegetation. 

(3) The effect of gradient. The velocity of run-off and therefore 
its transporting power naturally increases with the increase in slope of 
the land, but the amount of erosion depends also on the type of soil. 
Clay soils erode more than sandy soils at low gradients, but less at 
gradient above 15 per cent. 

Methods of prevention include the encouragement of ground cover, 
the levelling of sites, the construction of berriprs to break the velocity 
of run-off water and in hill districts the terracing or ridging of the land. 

Wind erosion . — This occurs to some extent in all acid and semi-acid 
regions and it is intensified by, the following that usually forms part of 
the agriculture systems there adopted. 

To methods of dealing with the erosion have been used. 

(3 ) The planting of trees to make wind breaks. 

(2) Modification in the method of cultivation to minimise its ill- 
cffects. 


Absence of injurious substances 

Over great areas of the world, where the average x’ainfall is less 
than 15 inches per annum, the soil is liable to contain appreciable amounts 
of soluble salts, notably sodium carbonate and the chlorides and sulphate 
of magnesium, sodium, potassium and calcium. Some of these parti-- 
cularly the chlorides, may directly injure the plant, others apparently in- 
terfere with the supply of water or of nutrients. 

Plants differ in their sensitiveness, maize being very sensitive.. .Those , 
less affected include sugarbeet, barley, lucerne and sweet clover, which arc 
therefore ‘grown 'in cool alltali regions, and sorjhum, cotton/ rice, berseom 
and date palm which can be grown in worm alkali regions. 

The effect is much modified by other salts, notably calcium salts, that . 
a harmful concentration of sodium chloride may become innocuous if cal* 
cium sulphate is added. 
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Cultural operations 

One of the main functions of soil cultivation is to. alter the size dis- 
tribution of the aggregates that occur in the fieicL "Well formed aggre- 
gates arise only within a fairly narrow moisture range which would 
Tna.itit.flln a correct air moisture relationship in the soil for normal growth 
of crops. 

The destruction of weeds is another important object attained by care- 
ful- tillage operations. 

The various cultivation processes are commonly supposed td exert 
a great effect on soil aeration, find they facilitate renewal of the soil' air 
and increase the total volume of air in the soil by increasing the pore 
space. This also results in increased bacterial activity in the soil. 

Tillage is also concerned with the relationship of soil td the moisture 
it contains in many respects. By appropriate cultural operations,' it is 
possible to prevent loss of water by evaporation arid' conserve nidistur e for 
the use of growing crops or to render moisture in the lower depths of the 
soil available near the surface. ' Further Cultivation operations facilitate 
drainage of water and thus the water supply of the sdil. 

The C|N ratio falls when virgin soils are broken up arid converted 
into arable land, the carbon being lost more quickly than the nitrogen' 

Exposure of the soil to the baking heat of the sun by suriiriief culti- 
vation increase fertility of the soil due to partial sterilisation, as it lias 
been found that micro organisms surviving partial sterilisation produce 
more ammonia and nitrate than the original population. 

Crop rotations 

A rotation of crops is more effective for the maintenance of soil fer- 
tility than a system of continuous cropping. The inclusion of a legume 
in the rotation for fodder of seed dr for use as green manure is a well 
established practice for the maintenance of soil fertility. Fallowing also 
causes marked increases in the nitrate content of the soil and keeps down 
weeds. 

. The old method of replenishing soil fertility was to 'alternate the 
periods of arable cultivation with a year’s rest When the sdil was left to 
cuter itself with wild or self sown plants which were then plough under. 
One of the greatest improvements in agriculture has been substitution of 
a definite sown crop of selected grasses and legumes, especially clovers! 
for the indefinite mixture of selfsowh plants. The ley farming or alter- 
nate husbandry in which a mixture of grass and legume is grown for her- 
bage for. several years and then put down to arable._crops has been incor- 
porated in the agriculture of different countries with remarkable success. 

The prafetice of mixed cropping, in which legumes mixed with non- 
leguminous crops are grown ou the same land; has sometimes shown better 
results than when the non-leeruminous crops are grown alone. There is 
soriife evidence! that during the growth of certain leguminous plants, 
nitrogeri compounds are exerted from their roots and from these com-’ 
pounds, adjacent plants can in certain circumstances benefit. 
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Maintenance af live stock. 

*■ 

Under normal conditions, JUvcstock contribute to soil fertility in three 
ways : — 

(1) They convert the feeding stuffs imported from outside into plant 
food. 

(2) They convert the indirectly cashable products of the farm into 
plant food. 

3. They add humus to the soil. 

Assessments of soil fertility 

The signs of low fertility of a field are stunted growth and spnraencss 
of the crop and marked patchiness or variability in the height of plants. 
The methods of determining mineral deficiencies have been developed 
along the following lines: — 

(1) The chemical analysis of whole plants or parts of plants. 

(2) Field and pot culture trials to determine the effects of withho 1 2 3 4 5 6 7 fl- 
ing or adding mineral nutrients to the soil, 

(3) Soil analysis to ascertain the supply of nutrients in the soil. 

(4) The addition of mineral nutrients direct to the plant by injection 
and spraying methods. 

(5) Visual methods of diagnosis based on defficioncy symptoms shown 
by plants. 
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Subject 1 . 

T HE need foe breeding crop varieties adapted to 

VARYING LEVELS OF SOIL FERTILITY AND FOR SPECIAL 

CONDITIONS OF SOIL AND CLIMATE. 

Soil and climatic conditions are found to vary considerably fro'm 
place to place even in the Province in India. These affect considerably 
the vegetath e growth and production of most of the crop plants and 
the existence of agriculture or cultivated varieties in different crops 
is the outcome of such variations. 

Experience gained in the evolution and spread of improved varieties 
pf crops especially of oil-seeds has shown that strains bred and evolved 
under particular conditions or from particular variety of one locality 
are not suitable for certain other situations where the environmental 
conditions are quite distinct. The contributory factors may be the 
difference in the fertility, texture or other conditions of the soil, rain 
fall, temperature, length of the day, etc. In groundnuts, varieties with 
short duration have to be bred in areas ■where the favourable growth 
period of the crop is short and drought resistant varieties in tracts 
where the rainfall is precarious. In gingelly, the climatic and soil 
conditions are found to assume great prominence and influence, growth, 
flowering time, duration and yield. Most of the gingelly varieties 
are season bound and suited only to particular localities. When some 
of these varieties are grown in other localities or seasons they put on 
only vagetativc growth and never flower or fruit. In caster also, 
duration is considerably affected by rainfall and a variety which mature, 
in 7 months in a dry area may take about 10 months in a more rainy 
tract. Thus there is great need for evolving strains suitable for 
different tracts and this is best done by dividing the Province into 
definite zones or regions with reference to different crop, seasons and 
soil conditions and breed varieties in Regional stations. 

AGiucuL/mun Department, 

15/7i December , 1947. 

C. M. JOHN, 
Oil-seeds Specialist. 


CROP-RICE. 

Subject 1(a).— Breeding varieties of crops adopted to varying levels 
of soil fertility and special conditions of soil and climate. 

The rice area in Madras Presidency may be broadly grouped^into 
the following zones : — 

1. The Delta system of the Godavari and Kistna. 

2. The Cauvery 'and the Coleroon system. * 

3. The intensive garden land cultivation practised on the North 

Arcot, South Arcot, Chittoor and Madura districts, 



4i TJbff 1 - smaller ' irrigation systems of the Nellore and' Tinnevelly 
districts. 

&.• The •’tract dependant upon the rainfall comprising — 

(i) The heavy rainfall tract, of the West Coast ; and 

(ii) the "East Coast districts. 

These zones have distinctive features of rainfall (amount and its 
distribution) rand climatic factors. The soils are variable from the pure 
sandy areas to heavy black clays. Even in each of the tracts men- 
tioned above the conditions of soil and situation of the fields as re- 
gards retention of water, etc., are available. Through a system of 
natural selection and* also through human agency a large number of 
varieties came into existence to suit the diverse conditions. Especially 
in rice, it has been- found that “ variety ” lias a great significance and 
there are therefore some varieties which ripen off in 80 days while 
others -take 200' days. (The latter are grown with red gram as mixture 
and also under submerged conditions). The Madras Department of 
Agriculture as part of the co-ordinated policy opened rice research 
stations in the different tracts as it was found that the strains evolved 
at* one station were found unsuitable to other, tracts. 

The question, whether strain swithin a particular group have 
differential yield responses to variations in soil fertility, has not been 
very intensively studied. Experiment* in foreign countries have how- 
ever, shown that strains even within a particular group possess differen- 
tial capacity to make use of ‘ nutrients ’ 1o different degrees, which may, 
therefore be reckoned, as Mendalian in character. Experiments to test 
this truth are being Studied in some of 1 lie lliee Breeding Stations in 
Madras. 

Breeding for special conditions of soil . — ' These include such condi- 
tions as (i) submergency, (ii ) open or dry conditions ol soil as opposed 
to swamp, (iii) alkalinity, salinity and acidity. 

It is obvious that special varieties have to bo bred for these different 
conditions. On these types of soils which arc found in different parts 
of' the Madras Province, certain varieties, are being grown. They should 
have arisen by process of natural selection. These varieties generally 
are poor yiclders. Any improvement in the varieties by breeding methods 
should proceed on the supposition that the resistance of such varieties 
are hereditary and as such could be combined with yield. The studies 
on this aspect of resistance of the varieties should involve a knowledge 
of related branches of botanical science such as physiology, anatomy' 
and also particular branches of chemistry. Inheritance studies so far 
made indicate, that Ihcse characters through recondite, do mendelize. 
A concentrated approach to this problem by the anatomist, chemist 
physiologist and the breeder should he helpful to breed improved va- 
rieties and strains to suit the special adverse soil conditions. 

' Taking 'for* instance one aspect of the special' conditions,, viz.,, 
dt’atfgld : resistance iiilo consideration, it, is soon that this requires a 
LicrCAR 
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thorough, knowledge of the physiology of the plant in its special relation 
to water requirements at different stages of its growth, osmotic pres- 
sure of cell sap. the chemistry of the cell sap and its colloids. There 
are varieties which give very heavy yields under dry conditions, 
under heavy rain-fall and good manuring. The root studies, etc., of 
such types are important and methods of studying- roots of rice in situ 
have yet to be perfected. 


Diseases and , climate.— In some parts of the country, certain diseases, 
as for instance Mast on rice, are epidemic — appearing, m particular 
seasons only and this shows that the atmospheric conditions have a 
very pvonouneed effect as the incidence of the disease. The disease 
assures terrific form in certain seasons and considerable losses result. 
Absence of tne disease should not lead one to the belief that the tract 
has no disease and it should be realized that it is only the want of 
optimum whether conditions that had prevented the disease from ap- 
pearing. Under these conditions, it is only the plant breeder, who 
could help tne industry by evolving strains of crops which are resistant 
to diseases. That such achievements arc possible and has been borne out 
by the evolution of blast resistant strains in the Madras Presidency. 
This aspect of the question has to be seriously taken up and should 


appeal as a method of crop insurance. 


Even the building up of varieties of crops resistent to pests comes 
up under the purview of the plant breeder. The. jassid resistant U. 
4 cotton which pest threatened to swamp cotton growing in Uganda is 
a case in point. 


Subject 1(h ) — Maintenance of soil fertility . — As far as paddy soils 
are concerned, the review of all literature so far available would point 
out that the growing of green manure crops is the best method of 
maintaining the soil fertility. All methods such as supplying water 
for growing green manures wherever possible, giving subsidy, for grow- 
ing green manure crops, malting available green manure seeds at places' 
within easy reach of the cultivator, etc., may be thought of to en- 
courage raising of green manures. Crop rotations which include a pulse 
for grain or green manure have beneficial effects upon the subsequent 
paddy crops. Groundnut was found to increase the subsequent -paddy 
prop. In the paddy soils under puddled conditions, it has been found 
that with adequate manuring with green leaf or green manuring in situ, 
the soil is not depleted by continuous cropping of even two crops in 
the year. Peculiarly applications of composts up to 10 tons did not 
secure increased yields in the case of puddled paddy soils. 

Soil fertility and quality of crop production . — ‘ Quality * as far 
as paddy is concerned, is an elusive term. Different people have 
different interpretations of quality in this cereal/ The idea of quality 
of the miller which means the percentage of outturn of rice to paddy 
is different from that of the producer who wants more price for his 
produce irrespective of other considerations. This is in conflict •with 
that of the consumer who wants the biggest volume of fluffy,- palatable' 
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cooked rice. This is obviously different from that of the nutritional 
experts’ view of quality which presupposes a nutritional balance with, 
the largest protien content. But it is presumed that quality in the 
Agenda means the last view (nutritional). Literature on the influence, 
of soil fertility on nutrition value of crops does not seem to be extensive 
even in foreign countries and much less so in India as far as rice is 
concerned. Preliminary work conducted in the quality of rice from the 
historical aspects at Coimbatore, sometimes ago, has shown that (1) un- 
der manured conditions the aleurone layer is better developed than 
under unmanured conditions. (2) In varieties grown under irrigated 
(swampy) conditions, the aleurone layer is thicker than the same varie- 
ties grown under * dry ’ conditions. (3) Coarse rices contain thicker 
bran layers than fine rices. Dr. Srinivasan, who made investigations 
on this aspect from biological point of view, confirmed the above. Thus 
manuring and irrigation which secure more nutritious rice as also vo- 
lume of cro'p, should have the highest priority in the national building 
activities of the country. 


M. B. NARSINGA KAO, 
Paddy Specialist. 


[Subjects]. 

Item 1 (a ) — The need for breeding crop varieties adopted to varying 
levels of soil fertility and special conditions of soil and climate. — Differen- 
ces in soil fertility should not stand in the way of developing common 
varieties since the varieties could always be corrected by applications 
of manure in regions served by well or canal irrigation or regular 
hut adequate monsoons. A multiplicity of varieties must he avoided 
as far as possible aud the work concentrated on improvements in soil 
management rather than breeding varieties having limited adaptability. 
Otherwise maintenance and distribution of improved seeds or the large 
scale production of commercially uniform quality would become almost 
an impossible task. In regions where shifts in planting time or crop- 
ping systems can successfully counteract climatic vagaries or disadvan- 
tages, they must be fully experimented with, before trying to fit in 
special varieties. 

In cotton, strains suitable for greater environmental diversity have 
been built -up for both irrigated and unirrigated conditions. A wider 
hybridization programme involving the use of varieties subjected to 
long spatial and ecological isolation is likely to yield the required^ 
variability for applying selection to achieve this cud. The utilization 
of hybrid vigour will td a very large entent serve -the same purpose, 
especially in self-fertilized crops producing a large number of seeds 
per fruit. 
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Item 1 (b)— Review of work done on the maintenance of soil ferti- 
lity in India with simcstions for future lives of * work with particular 
reference to the effect of soil fertility on the quality of crop production. 
The problem of leaf reddening, physiological shedding of flower buds 
and development of flbre immaturity in cotton are related closely to 
soil fertility especially nitrogen. The phenomenon of hollow seeds in 
South Arcot district results in poor germination and continued im- 
ports of seed for sowing from other areas. It appeal's to he duo to 
soil defect. Low fibre maturity in cotton raised under restricted irriga- 
tion of black soils in Tungabhadra Project is another defect which has 
so far eluded solution Moisture is unlikely to be a limiting factor since 
the cotton produced under nnirrigatod conditions in the same area 
possessed higher maturity. Both these tracts require intensive studies. 

K. BALASUBR A M AN YAM , 

Cotton Specialist. 

Madras Agricultural Department, 
lOfli December 1947. 


Subject No. A. 

The need for breeding crop varieties adapted to varying levels of 
soils fertility and for special conditions of soil and climate. 


Note by 

Sardar Bahadur fctardar Ilarchand Singh, Commissioner for Agriculture. 

Patiala. 

Breeding of crop varieties adapted to the varying levels of soil 
fertility and for special condition of soil and climate is the most im- 
portant work that research in agriculture has done ; for the good of 
the country, ii does not require any argument to prove that there 
is the greatest need for this work. The evolution of the Coimbatore 
'canes has changed the outlook of the Sugar Industry in India. In 
Patiala the iudigeuous variety of cane used to give - an average yield 
of 300 maunds of cane per acre. Now the yields from the Coimbatore 
canes is on average 800 maunds of cane while with special care it.e.an 
give more. His Highness Sliri 108 Maharajadhiraj Mahendra Bahadur 
of Patiala has been able to get 3600 maunds cane per acre by the good’ 
‘preparation of seed bed, at his Bahadur Garh Farm, 
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Similarly the results shown by the new varieties of wheat, Cotton 
and rice are wonderful. There is still a great room for further im- 
provement, in the ease -of all above and in fact of all the crops. The 
work of breeding can be done at the research stations managed' and 
supported by the Governments both Central and Provincial and States 
as the conditions varies from place to place. The work done at one 
place may not meet the requirements, hence the work should be con- 
tinued in the provinces and slates where it is going on and started in 
the Provinces and States where it lias not been taken so far. 


Subject No. 1. 

The need for Breeding Crop varieties adapted to varying levels of soil 
fertility and for special conditions of soils and climate. 

By 

1?. B. Ekbotc and D. II. Dhodapkar, Wheat Eesearch Station, Powar- 

lcliera, C. P. and Berai*. 

In India as a result of the considerable amount, of plant breeding 
•work carried out so far, promising strains have been evolved in most 
of the important crops. In all eases, however, strains have not been 
developed to suit specific level of soil fertility. More often than not. 
attempts were made to breed strains under conditions approximating 
to those obtainable on a common holding i.c., of average soil fertility. 
Even, then the breeders off and on were criticised that their experi- • 
mental plots were of a higher order of fertility and received more 
intensive cultivation than the laud of average farmer. The breeders 
argued, and in most eases in vain, that high yielding varieties must 
need a higher uptake of nutrients and in order that full advantage 
of the improved strains be taken attempts must be along side made ' 
lo enrich the soil bv judicious manuring and through cultivation. 
The fertility of Indian soils as could bo judged from the yields of no 
manure plots of over fiOOO experiments, lias established at a low level 
and constitutes Ihc limiting factor in crop production. This fact was 
more fullv appreciated in recent years when the nerd for stepping 
production of food grains came to the forefront. At the fifth meet- 
ing of the Crops and Soils Wing of ihc Board of Agriculture, a consider- 
able discussion took place on the subject of maximum potential of 
different soils and it was unanimously agreed that the required in- 
formation not being available, experiments bo laid out to find out the 
maximum producing capacity of the soils at different experimental 
stations. The same may be said regarding crop strnins. That field 
has not been explored. The fact that the response of different varie- 
ties to varying doses of manure is not the same can be demonstrated 
from the results of. some of the manurial-oum-varietnl trials. In C.*P. 
and Berar the performance of Ptwa arid local Wheat varieties Was " r 
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compared at two different levels of manuring and the following results 
were obtained, during the years 1920-30 : — 

Station — Labhandi Farm, Raipur. 

Yields shown as percentage increase over control. 

B 

Irrigated & 
manured (240 
lbs. oake per 
aero) ’ 

Percent. 

147 
129 

140 

141 

142 
117 
117 
129 
10S 

The Pus a varieties in general show .1 greater response to manuring 
although no significant difference is dcscerniblc in their yields in the 
control plots. 

A similar '-opons'e 1<» irrigation and manuring has been observed 
in different varieties in another experiment conducted at Pownrlthcra 
Farm during the years 1943— lo. 

Yields shown as percentage increase over control. 

(under irrigation). 

fttnlrnl 10 LI is. Xo. 10 ll«. 20 Lbs. | 20 Lbs. 

Variety No per acre X. through X. X. 

tin nugli Xiciphos through through 

AM A.M. Sul- Nidphna 

Silt photo photo 

L_ J I 

107-7 • 159-5 

110-2 117-5 

112-8 j 101*8 

The greater' response of AO' 13 to manure is clearly brought out, 
in these results. The results of another experiments also indicate that 


164-0 

125-2 

109-0 


I 


AO 

13 


• “ 

ion : 

i 

170-3 

X. P. 

101 

* • 

• - 

100 j 

109-1 

•A 

118 


l 

100 1 

113-7 


Unirrigatod & un- 
mnmirod 



Irrigated end 
manured (400 
Ibs.'cakof er 
acre) 
Percent. 
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the reaction of different crop varieties tinder varying doses of manure - 
is not the same. It then follows that in order to aim at maximum 
productions under differing levels of soil fertility, there is need to 
evolve strains as would give the best performance under a given soil 
condition. The levels of fertility must, however, be broad-based. 


Subject 1(b). 

Phosphate manuring of legumes for building up soil fertility. 

» 

By 

8 Sen. 


Indian Agricultural Research Institute, New Delhi. 


A — Review. 

Dr. A. B. Stewart (I) in bis report on '* Soil ‘fertility inves- 
tigations in India with special reference to manuring ” lias reviewed 
the past experimental work of this country, the main conclusions of 
which are quoted below : — 

1 Manures and fertilisers. 

(1) Nitrogen (A’/ : — Although conflicting results have often been 
obtained regarding the amount of nitrogen to be applied, the relative 
merits of nitrogen in different forms, the time of applying nitrogenous 
manures, the great majority of the experimental results do agree in 
demonstrating that nitrogen deficiency is extremely widespread in the 
soils of India. 

The fact that crops differ in their nutrient requirements is well 
illustrated by experimental findings on the response to nitrogen shown 
by different crop. With sugarcane, for instance, good resists have 
been obtained from the application of dressings supplying about 300 
to 400 lb. N per acre on 1 he medium thick canes of long-growing 
period in Peninsular India, whilst with the thinner cone - of shorter 
growing period, which is common in northern India, the nitrogen re- 
quirement is correspondingly less. For cotton, and for cereals such 
as wheat or paddy, dressings supplying some 40 lb. N per acre appear 
to give quite good results under irrigated conditions. From the very, 
feiv results available from manorial experiments on country tobacco, 
it appears that a useful response may be obtained from the application 

of nitrogen at the rate of anything up to 60 or -SO 'lb. N per acre. 

For jute there are likewise very few' reliable experimental results but 

a dressing at the rate of about 20 to 30 lb. N per acre has been, 

indicated in certain soils. Whore lack of warnr is a limiting factory 
in crop growth, full response to the application of manure cannot, of- 
course.bc expected. For cotton and wheat grown under rain-fed con- 
ditions, past experiments suggest lhat nitrogenous dressing should be 
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M' duly - about ' half- the rates given above -‘-for- -'th^e ‘-"crofts'- Under- irri- 
gated conditions. For other- crops such 1 as the millets, ’which -are com- 
monly grown under rain-fed conditions, dressings ''at- the rate -of about 
15 to 20 lb.- N per acre appear to be indicated.. 

(2) Phosphate (P) , — There have been “numerous experiments in 
which the application of ordinary broadcast dressings of phosphate 
has failed to show a response, but manv conflicting results have been 
obtained, for a deep-rooted plant like cotton. There is no evidence 
from past experimental work that the application of Phosphate is 
beneficial. On the other hand the shallower rooted wheat crops, in 
certain parts of the Punjab, has shmvn a response to phosphate in 
areas where no response was obtained with cotton. The resnlls for 
paddy emphasize the importance of soil type in relation to response 
to phosphetic manures, It is commonly found in many areas where 
phosphate by itself has little effect on yield a combination of nitrogen 
and phosphate may be markedly superior to nitrogen alone. The im- 
portance of the phosphatic manuring of legumes, as a means, not only 
of increasing the .yield and feeding quality of the legumious crop as 
such, but also of improving general soil fertility and thereby permitting 
of -a far more efficient and intensive utilization -of agricultural land 
especially under eondilions of adequate irrigation, has been ably de- 
monstrated. 

Apart from a few experiments with ammonium phosphate, most 
of the experimental work on phosphatp in India has bppn done witli 
superphosphate and with bone products, and the results suggest That, 
as could be expected, the former is rather quicker-acting than the 
latter. 

13) Potash (K) amt combinations of N.P. and K : — The general 
experimental evidence appears to suggest that most Indian soils,, .apart 
from the laterites, are relatively well supplied with potash, and that, 
for most ci'ops there is little need for potassie fertilizers. Tobacco, 
chillies and certain fruit Irees are crops which are exceptional, in that, 
they have shown responses to experimental dressings of potash 1 under 
a variety of soil and climatic conditions. There are numerous instances 
of experiments in which the application of potash hr itself has- not. 
oiily failed to’ show a positive response, but lias even caused- a redne- 
tioxi in crop yield. The response to potash in the presence of -adequate 
supplies of other plant foods is, however, by no means clear. -Although 
it is clear that, in most of tiie areas in which experiments involving 
potassium have been carried out. the potassium supplies in the '.soil 
have been relatively more satisfactory than the nitrogen supplies, there 
are comparatively few experiments in which the combination of' treat- 1 
ments studied permits of information being obtained, either - on ;the- 
absolute potash contents of the soils or on the probable response to 
pptash at varying levels of other nutrients. From the phosphate' manur- 
ing .experiments it was seen that there are many instances - where 
phosphate alone was ineffective, but where the application of phosphate 
together with nitrogen considerably enhanced the beneficial effect- of’ 
the latter. From the comparatively few experiments which ’have' been 
carried out in different parts of India to study the- 'effects : ot potoslr* 
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at different nitrogen and phosphate levels, there is evidence tii.it tlie 
same may hold good for potash. In many experiments where potassium 
either alone or in combination with phosphate has led to a reduction 
in yield its application in combination with nitrogen or nitrogen and 
phosphate has given a marked response over that given by nitrogen 
alone. From the comparatively few manurial trials on jute there is 
also evidence that NPK. in combination is superior to either, N, P or 
K by itself, and also to combinations of N and P. 


(4) Bulk}/ Organic Manures : — Although many experiments have 
given conflicting results, Ihe general conclusion, which may be drawn 
from the bulk of evidence, is that bulky organic manures do play a 
very useful part in the maintenance of soil fertility and in the im- 
provement of crop yields. Amongst points of interest and of fairly 
wide application are the following (a) As a source of nitrogen, farm- 
yard manure is ’generally considerably slower in its action and less 
effective than equivalent, amounts of nitrogen in more concentrated 
and readily available forms, such as ammonium sulphate or cakes, 
(b) Crops vary in the extent to which they response to dressings of 
farm-yard manure, e.g., jowar is more responsive than either cotton 
or* wheat, (e) In certain soils response to fertilizers may be enhanced 
if they are used to supplement basal dressings of farm-yard or similar 
bulky’ organic manures, (d) Variations can be expected in the value 
of organic manures of different origins, as may be seen from the 
resalts for maize, where sheep dung has shown up particularly well 
as a source of nitrogen. 


Amongst other points of general importance emerging from past 
work on organic manures are the following : 

The manuvial value of farmyard and similar organic manures in 
the season of their application will depend on the degree of decomposi- 
tion of the product. Iielatively raw. undecomposed material may uti- 
lize precious water to aid its decomposition, and may also be respon- 
sible for a temporary shortage of nitrogen in the soil at a critical 
period in the life of the plant. 

It is for instance, well established that bacteria responsible for the 
decomposition of organic matter in the soil need nitrogen which will have 
to come from the soil in ihe absence of supplies from other sources 
Very little work lias been done in India on the correlation of results 
on crop yields, feeding value of produce and soil properties, but it is. 
nevertheless claimed and believed by many that organic manures are 
superior to’ mineral fartHizers in the production of crops of higher 
feedin" value. The existing evidence is quite insufficient to warrant 
any such generalization and, in this connection, it should bo remember- 
ed that farmyard manure, produced by animals which have been fee. 
on produce grown on a soil which happened to be mineral-deficient 
cannot by itself supply the deficient minerals. 

Another method of supplying organic matter to tlie soil, which 
has received a considerable amount of attention in India, is that ol 
green-manuring, the main requisite for the success of which appears 
to be the availability in the soil of sufficient moisture to ensure tile 
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decomposition of the ■ green crop after its inversion. The evidence to 
date suggests that about 5 to 6 acre niches of water - may be regaled 
as the minimum necessary for the decomposition of an average green, 
manure crop, and where this is assured green manuring has usually 
given beneficial results. 

(5) Lime 'i — A limited amount of experimental work has been under- 
taken to study the effects of additions of calcium carbonate or calcium 
oxide on acid soils in different parts of India. In most of the ex-, 
periments lime at relatively low rates supping the equivalent of up 
to about 1000 ib. Cao per acre have been studied, and there is a 
considerable amount of evidence in favour of such dressings. -In Madras, 
however, the general* conclusion from the experimental work which 
has been undertaken on the liming of some of the acid red soils is 
that, despite their acidity, the soils show little need for lime dressings. 
In many of the acid soils of paddy tracts in Bengal, lime is apparently 
without effect on the yield of paddy, but seems to have a' distinctly 
beneficial effect on pulses or oilseeds which have been grown in ro,ta~ 
Ion with it. 

II. Alkali or saline soil ameliorants. 

In the reclamation or improvement of alkaline or saline soils, the 
ose of various materials not commonly used as manures in general 
agriculture is often found to be advantageous. Such materials include 
calcium sulphate or gypsum, calcium chloride, molasses and sulphur. 

III. Cultural Practices. 

(1) Methods of cultivation or tillage : — Although many conflicting 
results have been obtained in different parts of India, results such as 
those which have been obtained in the Punjab appear to be of fairly 
wide applicability. There, as in most parts of India, the principal 
cultivation operations depend on the ordinary desi plough, and furrow 
turning ploughs, mechanical hoes and other implements were largely 
unknown until their introduction by the Department of Agriculture. 
From fairly detailed experiments with those improved implements along- 
side the desi implements, the general conclusion in the Punjab is 
that, where the standard of normal cultivation by the rjlesi implements 
is high, the use of the improved implements has no significant effect 
on crop yields, but does permit, of a small saving in labour. Another 
observation which has been made in rainfall-defficient areas in many 
parts of India is that repeated shallow cultivations during the mon- 
soon period do appear to be of value in conserving water for a sub- 
sequent rabi crop. 

(2) Rotations : — Recent results in Central Provinces and Hyderabad 
have indicated a beneficial effect on cotton of the introduction of ground- 
nut into the normal cotton-jowar rotation, and in various parts of 
northern India striking increases have heeu obtained in the yield of cotton, 
followmg a phosphate manured crop of berseem. Again, in Madras 
and oilier parts of Peninsular India there are indications that bajra 
niay be superior (o jawar as a rotating crop for cotton. In the Byallpur 

istrict, where the cultivators themselves do not appear to follow any 
definite rotations, trials nave been carried out on a series of tlirea 
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year rotation at different intensities of ■ cropping. When -water and 
manure are available in sufficient quantitnes, an .intensive rotation of 
wheat, kharif fodder, grain, cotton and senji is found to give good 
returns but, as could be expected, less intensive cropping is possible 
when . water and manure are restricted. Other conclusions from these 
experiments are that (a) cotton docs well after fallow and after gram, 
(b) wheat gives a good yield after senji, sugarcane and guara 
(Cyamopsis) green manured, (c) the yields of gram after fallow and 
after a kharif fodder are almost the same, and (d) a rotation of 
wheat, cotton and sugarcane, involving, the application of farmyard 
manure to the cane crop, gives a good return. In Sind, chief attention 
naturally enters round the rotations most suitable for the irrigation 
system available. Whilst the official recommendation under the Barrage 
System appears to be a 5 Year rotation, the staff of the agricultural 
department favour a 4 year rotation, whilst the cultivators generally, 
by the omission of the final year’s fallow in the 4 year rotation, appear 
to prefer a 3 year’s rotation. These rotations generally involve kharif 
crops of rice, bajra, cotton and jawar, and rabi crops of wheat, oil 
seeds gram and lathyrus, subdivided further according '.to locality 
into two main groups of (a) cotton, .iowar, ba.ira. wheal and oilseeds, 
and (b) rice, gram and lath 3 r rus. 


Phosphate manuring of legumes. 


The results of experiments carried out at the Indian Agricultural 
Research Institute, New Delhi have shown how phosphatic fertilisers 
can improve the yield of legumes, increase the phosphate, calcium and 
protein contents of the fodder so produced and assist in the building 
up of soil fertility of a stable type by which high yields of cereals 
crops, such as wheat and maize following in the rotation can be ensured. 
The results of these investigations have been dealt with by Parr and 
Base (2 and 3). In this note a consolidated account is given of the 
striking results so far achieved at this Institute by using phosphates 
off legumes grown for fodder or green manuring. 


The legumes need phosphate, whether it is available in the soil 
or added as a fertilizer, and the experience of other .countries has 
shown that when this is provided, legumes respond well. He lz and 
whit ill" (4) in field trials with soybean found that phosphorous and 
potassium increased nodulation in soybean. (riobcl (5) experimenting 
with alfalfa and soybean found a close, correlation between the total 
mass of nodules developed and the amount of nitrogen fixed. Ttoierts 
and Olson (6j observed that tlio nitrogen content of several experi- 
mental plots on which n rotation including legumes' was used, was 
higher where phosphatic and potassic fertilisers were applied than whole 
no fertilizers were applied, inspilo of greater removal of nitrogen by 
crops from fertilized plots. The gain in some eases due to the use of 
phosphorous and potassium was 40 lb. nitrogen per aero pei >ear 
In green house experiments, fertilization of soybean, nlfalia 
clover with phosphate increased nitrogen fixation by as much as 30 per cent 
in some eases Alsike clover and alfalfa also wade* to . 
when adequate supply of phohphoru* were available, Poschenriender ct al. 
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(7) in experiments -with sand cultures in which the levels of K 2 and 
IVr. furnished the soybean plant were varied, increasing P«° 5 increas- 
ed the nitrogen fixed at all levels of When' P 2 °r. was at too 
low a ievel increasing the available K« decreased nitrogen fixation ; 
at more optimum levels of Pa 0 .-,, increasing IC 2 increased fixation. 
The mg. of nitrogen fixed per gm. dry weight of nodules was closely 
positively correlated with P 2 °.-, content of the nodule and negatively 
correlated with the K 2 contents. 

Since legumes and valuable nitrogen to the soil, and since tnt 
amount of nitrogen fixed increases with increase in the legume yield, 
phosphate manuring offers a method not only of increasing the yields 
of legume crops, but also of supplying Indian soils with the much 
needed nitrogen for the benefit of the succeeding food and cash crops, 
which need large quantities of nitrogen for high yields. 

Both man and animal need phosphate. Along with calcium, phos- 
phate forms a very important constituent of milk. The total output 
of phosphate and calcium by milch cattle is high and constitutes a 
very severe drain of their reserves. Phosphate and calcium entering 
in plant composition are probably more easily assimilated by the animal 
than when given in mineral forms. 

In experiments conducted at this Institute under irrigated condi- 
tions, berseem ( Trifolium alexandrinum) stands out as a highly efii 
eient user of phosphate. The other legumes which have responded 
well to phosphate manuring are: scrip (ilclilotus • par vi flora). Ouar 
( Cyaniopsis psoralioidcs) , rnethra ( Trigonclta Focnun-yraccum) , lucerne 
(Medicago saiiva) and peas (Pimm Sativum). 

Berseem in rotation with cow peas and wheat. 

In Table I are given results of the. experiments of phosphate 
manuring on berseem at Delhi. Berseem was grown in rotation with 
cowpeas (uninanured) for three consecutive years 194.0-41-42 ; no 
manures of any kind were applied after 1942. The subsequent cowpeas 
and wheat crops were grown on whatever fertility had been built up 
by berseem in conjuction with phosphate. In 1946-47, guar was substi- 
tuted for cowpeas as the former was found' to respond better than 
cowpeas. 

These results show the striking effect of phosphate in increasing 
the yield of berseem and building up the soil fertility as reflected by 
high yields of unmanured wheat grown subsequently. 

The phosphate and calcium contents of the borsoem and cowpeas 
fodders, phosphate content of wheat grain and nitrogen and phosphate 
contents of wheat straw were also increased as will he seen from 
Table II. Though the percentage nitrogen contents in berseem and 
cowpea hay and wheat grain were not affected by the different treat- 
ments, the total nitrogen contents show marked increases over the 
control. 


Berseem in rotation with maize and wheat. 

Table III shows the yields obtained in an experiment conducted at, 
Delhi to test the effect of phosphate in different forms on berseem and 
after effects on maize and wheat. 
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Here three unmanured cereal crops were taken after berseem which 
was manured with phosphates. Superphosphate was top dressed late 
owing to its late arrival and the results were not in conformity with 
those reported before when the fertilizer- was applied at the proper 
time. The* response of berseem to ammonium phosphate was very sig- 
nificant which shows that the addition of nitrogen with phosphate has 
good effect on the berseem crop. The subsequent yields of maize and 
wheat were also higher in plots in which berseem was fertilized with 
ammonium phosphate than' those obtained from other plots. 




Borscom *, . . . . 1041-42 Wheat .. 1043-44 

-Cowpeas .. .. .. 1042 Cowpea* .. .. m 

Borscom .. .. .. 1942-43 Fallow .. .. 2/3 1044 

' Wheat .. .. 1044-45 














TABLE II. 

Chemical composition of bersecm and coVpeas hay. wheat grain and wheat straw 
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I^gurqs in parentheses denote total constituent in lb. per acre, 

’♦These analyses were carriod out in tho Chemistry Division of the Institute. 
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TABLE III. 

Yield of manured berseem green fodder and ttnmamii'ed maize and 

Wheat grain. 1 


I 

Yiold in maunds per acre 


/ Combined 
1 yield of 

Pci cent 
on 

Treatment per acre 

Berseem 

1944-45 

Maize 

1945 

Wheat ' 
1940-40 

Maize 

1946 

maize and 
\\ heat (3 
orops) 

control 

No manure (control) 

139-7 

24-1 

22-7 

19-4 

37 -2. j 

100 

Benemeal 120 lb. P t (), 

172-0 

22-9 

27-4 

11*8 

62-1 

! . 109 

Am phosphate 120 lb. 
Tj0 4 . 

262-8 

26-5 

25-7 

12-0 

(10-2 

116 

Sipor phosphate 1201b. 

144-1 

21-1 

22-3 

9-9 

03-3 

93 

P,0 4 - 







Bcnemeal an d am. phos 


23-1 

20-7 

150 

6.7- 4 

114 

each at 00 lb. P a 0 } . 

Hlltl 






Bonomeal and super 


23-4 

28-1 

12-3 

03-8 

112 

each at GO lb. P t o,. 

■H 







Phosphate manuring of sannhemp for rjrtrn manuring. 


The results of tlie permanent mammal and rotation experiment* 
carried out at Pusa, covering a period of 22 years between 1908-09 nnd ; 
1929-30 in which green manurin'' mtii sannlinnp in conjunction wilhl 
•superphosphate was included, are of considerable inlon^t. TJu* rc-snlt- 
--show that the best yields were obtained when sannhemp used for green 
* manuring was grown with superphosphate. Green manuring alone 
was ineffective. The yields of pigeonpen were affected by wilt which 
masked the effects due to treatments to some extent. 


TABLE IV. 


Permanent mammal and rotation experiments, Pusa. Yield of grain 
• in maunds per acre (1908-09 to 1929-30). 


Treatment por acre 

Maize 

Plegon- 

pcn. 

Oats 

1. No manure (control) 

0-6 

8-8 



(100) 

(100) 

(100) 

2. P. Y. M. 20 lb. N 

10*9 

13-0 

10-0 


(163) 

(148) 

(182) 

3. Rape cako 20 lb. N. 


10-9 

7-5 

T 

(158) 

(124) 

(136) 

4. Am. sulphato 20 lb. N. . . . . . . 


10-7 

fi.fi 



(122) 

(100) 

5. Super to ropply P2o5 as in No. 2 

10-3 

10-1 

10-0 

* * 

(166) 

(113) 

(182) 

0. Am. Snip. Super and pot. sulp to supply N, P2oo nnd 

11-9 

9-4 

10-5 

. and K20 as in No. 2. 

(180) 

(107) 

(190) 

7, Green manure with sannhemp. 

11-0 

8-1 

8*3 

*■ i 



(151) 

8. As in No. 7 and sup « to supply P2o5 as in No. 2 . . 

13-9 

8-6 

19-1 

, 

(241) 


(347) 
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Rao (8) working; in Mysore on the effect of green manuring on 
the yield of paddy stated that the yields from plots green manured 
with sannhemp and cowpeas treated with phosphate gave 2,520 . and 
2,080 lb. of paddy per acre respectively, ’ whereas, the same without 
phosphate gave only 1.840 and 2.120 lb. per acre. Both these .results 
were significantly higher than that from 1 no green manure * plots 
which averaged 1,300 lb. per acre. 

The results of these experiments indicate the role of phosphate in 
conjunction with legumrs grown for fodder and green manuring in 
building up the soil fertility, resulting in increased yields of cereal 
crops which follow. 

(Figures in parentheses in Table IV denote percentage on control). 
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SUBJECT 1(h). 

REVIEW OF TIIE WORK DONE ON THE MAINTENANCE OF 
SOIL FERTILITY IN INDIA WITH SUGGESTIONS FOR 
FUTURE LINES OF WORK WITH PARTICULAR REFEREN- 
CE TO TIIE EFFECT OF THE SOIL FERTILITY ON TIIE 
QUALITY OF CROP PRODUCTION. 

Apart front breeding of high yielding varieties, crop production 
depends to a largf' extout on soil fertility and its maintenance. Quite 
often, it has been the experience of workers to find certain crops and 
certain varieties, thriving well in certain localities. This is evidently 
due to the most favourable environmental factors under which may 
he considered mainly : (1) the soil, (2) the source of water-supply, 
and (3) the climatic factors. The need arises, therefore, for an inten- 
sive study of the relationship of these three factors and to see if certain 
localized influences are responsible for increased yield of crop fin$ if 
L16I0AR ' ‘ ‘ " 
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these could b.e under controlled conditions, introduced in other localities. 
The subject' will fall under three lines of investigations : — 

(a) soil survey, 

(h) study of irrigation waters, and 
(c) meteorological data. 

For the present, a scheme to study the first two f acton may ‘ e 
undertaken. 

Soil survey . — Previous work by the Madras -Agricultural Depart- 
ment has mostly been confined to the deltaic areas. The work originally 
started with the survey of the Tanjore district, which showed iltat 
the delta soils were highly deficient in Nitrogen and available Phos- 
phoric acid. Later, soil surveys of Godavari, Kistna aud Malabar dis- 
tricts and of the Periyar project area were undertaken and slnilar de'i- 
cieneies were found - as the result of chemical analysis. All these sur- 
veys related to what may be called predominantly riec-growing areas 
and emphasis was towards the supply of the neec^ary Nitrogen and 
PiAi on an acre basis, for ensuring a' high yield of paddy. 

A second aspect of soil survey was taken up in connexion wilh 
several proposed irrigation projects : — The Tolcdar project in South 
Arcot, the Gundlakannna project of Guntur, the Lower Dhnwani pro- 
ject in Coimbatore aud the Tungabhadra project in Ceded Districts. 
The object of these surveys was primarily to study the irrignbility of 
the soils of these areas with the particular irrigation source, although 
incidentally a large number of samples of soil were available for studies 
on soil fertility. 

llecentlj', after the cyclone in 1945 along the North-Ea«t ‘"east, 
a soil survey of the coastal area inundated by sea waters was under- 
taken to assess the damage to the physio-chemical properties of the soil 
subject to such flooring. In the Coded Districts, again, a soil survey 
of the tract was done to study the possibilities of the development of 
fruit trees culture. Some years ago,' at' the instance of the District 
Agricultural Officer a survey of the tobacco area in Guntur and Lanka 
was also done to correlate the quality of the Virginia tobacco with 
the nature of the soil. 

It will be seen from the above outline, that while a number of 
soil surveys have been done in the past by the Madras Agricultural 
- Department, they have been carried out with a specific object and 
not with a comprehensive idea of getting information on soil ferti- 
lity. in different areas, dry, wet aud garden land of our Presidency. 
To-day, with a new orientation possible in the reconstruction of the 
agriculture of our country on a scientific basis, the first desideratum 
therefore is, sufficient data on our soils, and this can he obtained only by 
a thorough and systematic soil survey of the whole Presidency. It 
should be possible in the course of few years, by organized planning 
and hard field and laboratory work, to have a map of the country, 
showing the localities of high, low and poor fertility , and the crops 
which could be grown there was minimum effort and maximum effi- 
«ieucy. In other words, we should aim at having defmite zones for - 



different crops where they will' flourish 1 best; under local conditions and 
it is on this basis even, that further improvement by way of selection 
and breeding Strains should develop. 

Study of Irrigation Waters . — -Along with the soil survey, a survey 
of all our irrigation sources, well, pond, channel and river in different 
seasons should also be undertaken. The importance of water for pro- 
moting crop growth cannot be over-emphasized. But the effect of the 
quality of the irrigation water on the quantity and quality of crops 
has not been studied in great, detail or in n scientific manner. There 
are very many popular nations, but they have not been tested ; for 
example, it lias been my experience during the Lower Bluiwani project 
and the Tungabhadra project surveys with which I was intimately 
connected.- to hear ryots informing that sweet water is no good for 
krinjals, tobacco, chillies and other solanaeeous crops which require 
saline water for thriving well. Again there is a popular belief that 
all well waters in black soil area are saline, those in red soil areas are 
sweet, although there arc exceptions. It has recently been my experience 
to find iu niauy of the wells and water sources near Bapatln. large 
quantities o£ magnesium chloride which is wholly absent in inlaud 
wells. It is reported in literature, that near the sea coast, tidal influ- 
ence under the soil layer may make itself felt, at even 10 miles distance. 
It is also seen that wells in a particular belt arc saline, while hardly 
a few yards away the wells contain sweet water. These experiences 
must be investigated with methodical analysis before we can explain. 

Allidli Reclamation . — Along with soil surveys and study of irriga- 
tion water, an attempt must also be made to reclaim alkali I anas 
wherever they exist and bring them under cultivation. Information 
on the existence, extent and nature of alkali lands near each village 
is lacking- — once again a survey is indicated. 

I would therefore suggest that the meeting of the soils and crops 
wing Lesfow their atlentiou lo these problems and bring into operation 
a scheme for sueh surveys — with a time-limit of, say, 5 years— -by 
which time we will be in full possession of facts and be in a position 
to suggest measures for improving soil fertility. 

M. II. BALA KRIS JINAN. 

Lecturer in Chemistry, Agricultural College. Bapatla. 
•AnnicunTURAj, Dupaktmkkt, Madras, 

7th January 1948. 


SUBJECT 1(b). 

REVIEW OF THE WORK DONE ON THE MAINTENANCE 1 OF 
SOIL FERTILITY IN MADRAS PROVINCE. 

The soils of the Province with a very few exceptions are extremely 
poor in essential plant food elements especially Nitrogen and phosphoric 
•cid and in organic matter. The yield of crops in consequence has been 
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going down year -after year due to intensive cultivation .without adequ- 
qto attention being paid for the maintenance of soil fertility by way 
of enriching soil organic matter and addition of. suitable manures to 
meet even the minimum requirements of crop growth. Ihe Madras 
Department of Agriculture, realising this defect, have been carrying 
on an intensive scale a number of manorial experiments to recoup the soil 
fertility and increase incidentally the yields oF the various economic 
crops oF the Province for over three decades and more in the different 
Agricultural Research Stations representing typical soils and environ- 
mental conditions. The review of the work done’ so far to improve 
crop production and soil fertility indicates the following salient 
points : — 

(1) The importance of bulky organic manures snclv as green manure, 
Farm-yard manure andjor compost for maintenance of normal feitinti 
of soils — both wet and garden lands. 


(2) The. necessity for addition of artificials like ammonium Sul-, 
pbatc. super, etc., and oil cakes, to provide easily available Nitrogen 
phosphorus to crops, in sufficient Quantities for increased crop Jidda 
of good quality in conjunction with bulky organics, 

Paddy soils — Green manuring for paddy which forms a major food 
crop of the Province, has been found universally the best in all the 
tracts ami its effect is felt better in combination with easily available 
phosphates. In Anakapalle (Vizagapatam district), increased yields 
were obtained up to 20 per cent, by applying green manure at 3,000 
lb. per acre. At Snmnlkota in the same district. “ green leaf 2.000 11). 
plus Bone meal 22-1 lb ” gave very good vields. With regard to 
Maruteru representing the deltaic area of the Kistnn and Godavari 
“ Green manure 4.000 lb. plus super 312 lb. plus Ammonium sulphate 
80 lb. or its equivalent m oil cakes ” gave 40 per cent., significant in- 
cmi«c over green manure alone. Passing to Palur in the South of 
Madras (South Areot district), the response of paddy to green manur- 
ing even at 9,000 lb. per acre is next, to nothing, showing llmreby. the 
inherent fertility of this area which is maintained probably bv the 
periodical deposit of silt from the irrigation water of the Goddilam 
river. At Admhurai, in Tanjorc Delta, Nitrogen by itself gave good 
yields when applied as cake or ammonium sulphate. The combined 
effect of the two, both the nitrogenous and phosplmtie. manures, was 
more potent. The phosphates by ’themselves did not fare well in any 
of these major paddy growing areas. Again, a phenomenal increase 
of 60 per cent, over control lias been recorded at Pattambi — represent- 
ing Malabar soils of laterite origin. When ammonium sulphate (75 lb. 
to supply 25 lb. Nitrogen is applied with green leaf (4,500 lb.) in con- 
junction with oil cakes such as neera, castor, or groundnut much better 
response lias been observed in the same station for ammonium sulphate 
when the ratio of organic to inorganic Nitrogen is 2 : 1. the total 
nitrogen being 45 lb. Nitrogen. Summing up, it. can be asserted with 
confidence that fertility of paddy soils in the Province can be kept 
at suitable levels to produce an average acre yield of 2,000 to 2,500 
lb. by incorporation of 5.000 lb. green manure, either alone or pre- 
ferably in combination with the following ammonium sulphate or 
oil cakes in any form to supply 15 lb. Nitrogen. 
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'In addition to this practice, necessary for maintenance of inherent 
fertility of these soils, phosphates such as super (H cwt.) or fish guano 
(400 lb.) aimno-phos (30 lb. P 2 . O5.) may have to be added if possible 
every year or at least once in two or three years for increased crop 
production and to assure the quality of the grains 

Experience on the manuring of paddy has also revealed the absence 
of any residual efi'eot of nitrogenous manures of any type in particular 
on the succeeding crop. This emphasises the need for renewed applica- 
tion of these manures every time the crop is raise-d- 

Garden and dt if land areas.— The manorial trials with dry land 
crops such as jonna, eot.t.oil, show further that apart from the necessity 
of applying farm-yard manure or compost (5 tons per acre) to main- 
tain the organic, matter and biological activity in the soil, incorpora- 
tion of ammonium sulphate (1 ewl.) per acre has proved extremely 
beneficial in increasing the yields both directly and residually. The 
effects of farmyard manure in appreciable doses, 5 tons per acre has 
been felt even up <0 three years in the* garden and the dry land areas. 

The commercial crops like sugarcane, yield well in properly managed 
and heavily manured soils with good drainage. Application of cake 
and ammonium sulphate each providing the same quantity of Nitrogen 
the total being 300 lb. Nitrogen per acre over a basal application of 
30 tons farm-yard immure, is absolutely necessary to keep up the for- 
tility of the soil consistent with normal yields. 

Treatment of alkaline soils with gypsum and green manure in 
Paltnkottai (Mettnr Project area) and in Triehy district has contri- 
buted to their reclamation, thib sequent crop yields in the reclaimed 
lands revealed an improvement in their fertility. 

Soil fertility on the- Quality of crop production. —The. only note- 
worthy contribution on the subject is by R. McCarrison et. al (Memoirs 
of the Department of Agriculture in India, IX No. 4; 3927). These 
authors studied the nutritive value of the millets Elcsuine Coracana 
and Panicum mil ace um and of wheat obtained from the permanent 
manorial plots of the Government Agricultural Chemist, Coimbatore, 
receiving chemical and organic fertilisers. The differences were traced 
as far as feeding tests. It has been reported bv these authors that 
in contrast to the yield without fertilising, chemical fertilising gave a vield 
increase of 32.8 per cent, and organic fertilising an increase of 300.7 per 
cent, in the case of Panicum milaecum. The reproductive capacity of the 
seed from the organic manure plots (Farm-yard manure) was tested 
and found superior to these from the plots treated with inorganics. 
In regard to feeding value of the grains from the two differently manur- 
ed plots, the following observation made by them deserves considera- 
tion : — “ Even with manifold chances in the condition of the experi- 
ment a better result was evident in the case of the seed raised with 
organic fertilisers than with seed raised with chemical fertilisers. In 
the case of the wheat, the seed raised with chemical fertilisers reacted 
less favourably limn the seed raised without fertilisers ”. This view 
on, the superior effect »»f organic fertilising on the cereals has received 
the support, of other scientists also, the prominent, among them being 
Sir Albert Howard formerly Director of the Indore Institute of Plant 



Breeding — (Farming and gardening for Health or disease —Faber and 
Faber London, 1945; — Professor Boas of Munich (Pralctisclie Biatter- 
fur — Pflnnzehban IX P. 173 : 1932). Eltrenfried Pfeiffer (Soil Ferti- 
lity, Renewal and Preservation — Faber and Faber Limited. London, 
194;5 — pages 148-163). The experiments of these -workers stress in short, 
the higher biological value of grains from plants fertilised with stable 
manure, than that of corresponding seeds from the mineraily fertilised 
plants. The investigation by tlie lltothamsted workers reveal on the 
oilier hand, no significant difference in the biological value of wheat 
grown on plots differently blit consistently manured for nearly a 
century and this has been confirmed for several other crops in shorter 
term. The few data available suggest, that the effect of nutrient supply 
on vitamin A production is small though Nitrogen may have a stimu- 
lating effect. The whole problem requires elaborate and intensive study 
of differently manured crops under local conditions before any conclu- 
sions are drawn. 

Suggestions for future line of work.— A. Maintenance of soil ferti- 
lity . — It is apprehended by eminent agriculturists, scientists and adminis- 
trators of this country and elsewhere, that the increased acreage of 
arable land and the more intensive system of cropping will exhaust 
the fertility of the soil and lojuo a legacy of poverty. There is a 
good deal of confused thinking on this point. A good many consider 
fertility and humus s\ nonvnious and so. fnrm-vard manure the chief 
source of humus on most farms, is hailed to the slties and attributed 
with magical properties. The use of artificial fertilisers, is decreased 
on the. score that tliev rob the land of its fertility and act simply as 
forcing agents. By long experience, methods have been evolved in 
countries like China, for balancing the constructive and destructive, 
soil processes, the svslems adopted being that or a sound rotation, in- 
volving mixed cropping wherever found suitable and proper conservation 
of natural organic manures. In a proper system of rotation, resto- 
rative and exhaustive crops alternate* the plant foods are utilised 
equally and periodic applieati ns of dung or green manure maintain 
the physical condition nf the soil. Recent work in most countries has 
shown how modern resources of plant breeding machinery and fertilisers 
can he harnessed to establish productive leys, a most potent source 
of fertility. It is evident that wc can as well establish a balanced and 
safe agriculture at a much higher level of production than was possible 
some years ago. 

A fertile soil contains N. P, K and CaO and minute traces of 
vital elimenls like boron, manganese, elm It should be well drained 
and of the right texture. A judicious combination of plant food in 
both organic and inorganic forms is further necessary to obtain the 
maximum crop of which the soil is capable of the maintenance of ferti- 
lity as conceived by many is not therefore simply a question of adding 
farm-yard manure, compost, or green manure.* It involves all the 
mechanical processes necessary for tilth forming. It means making 
good the losses of both organic matter ■ resulting from cultivation and 
of plant food following the harvest of a crop. It also means the pro- 
tection, of surface soil from erosion • or by . floods. The- Chinese method 
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o£ maintaining soil fertility is 1 worth emulating. All work in that 
country is manual labour. Mineral* fertilising is still unknown to the 
Chinese farmer. The intensive cultivation in China rests on humus 
and compost economy carried on with almost religious zeal. Scientists* 
who have visited the cultivated areas of the country and studied them 
from the back ground of their technical knowledge say that a crop 
failure in such lauds is « rare occurrence unless it he an act of Pro- 
vidence. Ilumus conservation and manual labour are the main factors 
responsible for the maintenance of soil fertility in this ancient land. 
Moreover, the productive capacity of each type of soil should be assess- 
ed in relation to its environment and make up. This factor is not 
direclJy proportional to the amount of fertiliser applied. A cultivated 
field should be judged as n biological entity or organism and as. such 
is subject to the laws governing the organic. It has its critical point 
of jnuer effective power which is the resultant of the varied factors, 
namely, the mineral constituent the physical structure, the presence 
of organic substances and their conditions (humus) acidity, etc., micro- 
biological population, climate, methods of cultivation, varieties of plant 
growth, activity of plant roots, ground cover and cover crops versus 
erosion, possibility of the occurrence of whcathcring processes, proxi- 
mity or otherwise to wood-land, etc. Of the various agencies responsible 
for maintenance of soil fertility, the legumes arc equally very important, 
as only by their use. can a significant proportion of the natural reserves 
he brought into use for the fertilising of the soil, /.r., seven to sixty 
fold more powerful than a cereal. It is worth while to recall in this 
connexion the method that is being adopted by the T.V.A. for en- 
riching soil fertility. Phosphates are applied and legume grown year 
after year and ploughed in to achieve this object. The legumes should 
therefore form a part of a healthy crop rotation as a enrntive factor. 
Since the productive capacity of a soil depends on the variety of factors 
connected with the life processes of both plant and animal, precautions 
should he 1 alien to preserve its biodynamic condition at a high level. 
The steps recommended by P. Foffer (loc cit.) for the purpose are : — 

(.1 ) Oonsideralioti of what is desired and what can he done. 

( v 2) Proper care of the manure. 

(3) Improving the quality of the manure. 

(4) .Setting up healthy cron-rotation and improving the method. 

(5) Improving the feeding with home grown feed. 

(6) Improving the herd ns n whole. 

Tn the words of the same author “ the natural fertility and pro- 
duction capacity are the functions of (3 ) soil, (2) manuring. <':!) humus 
tillage, (4) rotations, (5) climate, (6) wcathor conditions, (7) quality 
of. seed, (8) weed growth and a number of environmental factors’'. 
All these should he borne in mind in management, of cultivable soils 
for maximum crop production.’ Next question tef be mu.- idem! is 
the economic use of fertilisers avoiding vwstago and resorting to right 
method of their application at the proper time. Recent work indicates* 
that small application of fertilisers in close proximity to liic seed may 
he ns effective ns the manual heavier doses applied broadcast, splitting 
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the doses of manures and their application at different stages of plant 
growth has also in eases like sugareane. been found efficient, in increas- 
ing the yields appreciably. Supplies of farm-yard manure, oil cakes 
and other manures being limited, the substitution wherever possible 
of green manuring and other alternatives such as composts have to 
he considered. Much more attention should he paid to the conservation 
and storage of farm-yard manure, which constitute an important national 
supply of vital plant food. Above all, maximum cropping which is 
closely allied to mainlenunee of soil fertility, demands ingenuity on 
the part of the farmer, combined with a thorough uudevstanding of 
his soil and its capabilities. Careful planning, generous manuring, 
skilful cultivation and vise selection of variety arc the surest means 
of solving our cropping problems. 


B. Quality of the grain as affected by manuring. — According to 
an influential school of thought represented by eminent, scientists like 
Howard, Br. Pfei'ffcr (loc. cit.) and others, there is a definite correla- 
tion between the health of animals and human beings and the nature 
of the food consumed by them. As stated already the grains from 
plots receiving farm-yard manure have been reported to by a number 
of workers including Me.. Carrison et al. and his collaborators in this 
Province (loc. cit.) are of better nutritive value being rich in vitamins 
than those from the mineral manure plots. This point, is still being 
disputed, further work has to bp done with a variety of crops grown 
under different environmental conditions to test the observation. Opi- 
nion is also current that high yielding strains arc poor in quality 
especially in regard to protein content and economically, they are not 
also' suitable for our already impoverished soils as they remove more 
of workers including Me. Carrison et al. and his collaborators in this 
pomted out by Berg (Lantmannen, 19)10 : 24 : 315) and others that 
the protein production could not be increased bv breeding of new 
varieties since it has been found that there is an inverse relationship 
between protein content and the grain yield. The only possible course 
therefore of raising the normally low protein content of high yielding 
crops or varieties and thus increase the protein production per unit 
area lies evidently, according to these authors in late top dressing 
of crops with easily available nitrogenous fertilizer such as ammonium 
sulphate. Observations in Germany and Scandinavia have also en- 
couraged the belief that this process opens up new possibilities for 
increasing the protein contents of crops. This important finding lias 
to be tested with some of the local food crops, primarily rice in this 


In fine, from the Foregoing note, setting forth the results of *he 
and oth< ? r experiments relating to the, maintenance of soil 
fertility and its bearing on human nutrition, with suggestions for 
..u ure lme of wor3t, it, is clear, that, in designing our pattern of agri- 

Rni/wiT-f shmi - lc k. nse our faith for increased production, upkeep of 
soil fertility, primarily on (1) .iudicious use of organics and inorganics 

nf tc S C ! 0 -, tle . l 0 cah f y or °P' s - (2) mantainanep of bio-dvnnmic status 
o the soils m a healthy condition particularly bv encouraging the 
fflWth of beneficial micro-organism find resorting >o spiinfl "rotation 
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of crops- including legumes, and (3; skilful management of soil by 
adopting efficient methods of cultural operations to prevent loss of 
surface soil due to erosion and preserve soil tilth in proper condition. 
Apart from these practices the effect of different systems of fertilising 
on the quality of crops should he studied dc novo under vlaricd condi- 
tions of farming and environment to clarify the existing views on the 
subject which run counter to so many fondly held dogmas in the 
spheres of agriculture and nutrition. 


AGlrtCUIiTURAL DEPARTMENT, 
Madras, 

9th December 1947. 


P, D. KARUNAKAR, 
Agricultural Chemist. 


Subject No. 1(b). 

A REVIEW OP SOIL WORK DONE IN TIIE UNITED PROVINCES 
WITH PARTICULAR REFERENCE TO CROP PRODUCTION. 

By 

Dr. R. R. Agnnval, M.Sc., Ph.D., Assistant Agricultural Chemist, to 

Government, U.P., Kanpur. 

There arc ill the United Provinces three district tracts differing 
from one another in their geological formation and other characteris- 
tics. These tracts are : — 

(a) The Ilill tract in the north. 

(b) The Bundelkhnnd tract in the south. 

(c) The Ganga alluvium in the centre. 

Work on the soils of these three tracts lips been in progress chiefly 
on pedological principles and the main object lias, been to study the 
Condition or set of conditions that influence the yield and quality of 
Crops growing in these regions. A number of manurial trials on tbo 
soil types characterised in some of the regions of the tract was also 
laid to study the manurial requirements. 

A brief summary of the more important results obtained so far 
from these studies is given below tract- vise : — 

(a) Hill tract in the North .— The investigations were started sinco 
1934 at the Soil Chemistry Section of the Hill Fruit Research Station 
at Chanbattia, Ranikhct under a scheme partly financed by the Indian 
Council of Agricultural Research. 

(i) Hod i* formations and soil characteristics , — -There are principal, 
ly two rock formations in Kumaon bills which are important from the 
stand point of soil formation. They nvo biotito schists mid phylutcs, 
Soil formed from both these differ fundamentally. The SiOnjnsOa rai.o 
of colloidal clay minerals from soils derived from biotlte sen is U m 
2.62 ± 0.10 and of soils developed on phyllites in 2,15 ± 0,002. On 
LIOICAR 



an average, is lias been found that biotite soils are poorer in phosphates 
and richer in potash than the phyllitio soils and consequently manur- 
ing with phosphates has always given good results in biotite zones. 

It has been found that the soils irrespective of the nature of rock 
formation can be divided into three important genetic soil t3'pes viz., 

(i) brown forest soils, (ii) podsolie soils and (iii) wicscnbodens or 
meadow soils. (Mukherji and Das, 1940). Under terraced conditions 
brown forest soils arc stable ; whereas, podsolie soils tend to assume 
characteristics of brown forest soils, (hfuklierji and- Das, 1941). The 
data indicate superior inherent fertility of brown forest soils as judged 
by the distribution of organic matter, lime, total and available phos- 
phorus and potash and> exchangeable calcium. Due to high acidity and 
deeper eluviation of nutrients in podsolie soils the plants cannot flou- 
rish so well on these soils as a brown forest soils. Wicsenboden soils are 
found under water-loged conditions. The nature and characteristics 
of soil hypes studied on different commercial orchards arc found to 
be similar to those found at Chaubattia. (Mukherji and Das) (1942). 

(ii) Soil condition# and differential behaviour of frujt tree a . — 
From the detailed soil survey data it is clear that, soil condition influ- 
ences productivity, heavy loam brown forest soils and heavy humus- 
porsolic soils are best suited for growing apples. Iron podsols 
and hard clay soils, Sandy stony soils and sandy loam brown 
forest soils are. considered to be very inferior for the purpose. Similarly 
for peach, apricot, plum and cherry snndy-lonm soils arc considered 
to be better. Further detailed study of yield data has shown that 
vigour of fruit trees is largely dependent upon the moisture status of 
soils, all well formed trees being generally found in areas where the 
soil has a good moisture holding capacity. Considerable correlation 
has been found between the soil condition and tbe incidence of diseases 
and insect pests of fruit trees. For instance, tbe incidence of applo 
root borer is more serious on soils which arc samlv and drv. (Annual 
report Hill Fruit Research Station, Chaubattia 1938-39 pages 49-51). - 
Similar observations have been made in regard to pink disease, and root 
lofn^ 0 ^ 1 ’ 001 ° f anpl ° P lants> (Annual Report 1938-39, 1939-40 and - 

(iii) Soil Survey of' Commercial Orchards;. — Soil survey work was 
also started on some of the important, commercial orchards *in the liilk 

° Tlcvr *° S* vo owners advice regarding the prevailing soil 
conditions. These orchards are (a) Doonagri Estate, (b) Pine View 
Orchard, Bhownh, (c) Soraerford Orchard. Ramgarli, (d) Allen Or- 
( , C) or £! imls nt Bi ”snr, (f) some orchards at 
qif * ttt’ * S 1 Kansani * (h) orchards nt Goralclml and 

Sham Khet and (i) Niaz Estate, Mnjkhnli. The nature and eharactcris- 

Jn twf°r *^ 5CS studied on the above orchards were almost similar 
nepfl liniin ° + 1 «' Cha " battia - general, the soils are acidic and 
moist™™ 17,411 some form of Phosphatic manures. Proper 

cultivation" ° nSl ^ cra4l0n vras another factor needed for successful fruit. 

Wng ^ of- the United Provinces- 

tSet nv 5 Tnmuna 5s iuiown as Bundclkhand.* The 

1 Is D0u ’ alluviaI m mature and the soils have been formed by the, 



disintegration of the Central Indian hills,* Geologically the whole of 
the Bundelkliand is occupied by gneiss and 'some ’o‘f the beds are highly 
ferruginous. Sand-stones, lime-stones and slates are also found but 
these usually rest on the under-lying beds 'of gneiss. The climate is 
exceedingly dry. Soil work in this region was ' started in 194.1 and 
continued till 194,6. 

(i) Soil formation and soil characteristics. — Three gehetie Soil types 
have been recognised in this tract which have been termed as 
Bundelkliand type I, * Bundelkliand type II and Bundelfchand type HI. 
Type I is a reddish brown coarse-grained soil very shallow in depth. 
This is under-laid with the parent ttndeeomposed material. The soil 
is very poor in colloids and in plant nutrients and is of an open 
texture allowing free drainage of water. No good cultivation is possi- 

, ble on this type of soil. This type is found on high-lying areas. Type 
II is found on milder slopes or on comparatively level plains. Thip 
has got a brown colour and varies cdnsiderably in texture. It is possi- 
ble to find a sandy, loamy or clayey sub-type. The soil has a greater 
depth and is usually underlaid with zone of calcium carbonate accu- 
mulation in the form of kanlcar layer. This type is suited better to 
cultivation provided manuring and irrigation facilities are available. 
Type III is the elavey type found usually in low-lying areas and in 
plains. This is also calcareous and dark brown to jet black in colour. 
These soils are by far the most fertile soils of the locality. This 
type lias formed as a result of restricted drainage. (Mukherji and 
Agarwal, 1943). 

Yet another lype of soil, not fundamentally different from type 
III, occurs in the extensive plain areas of the region south-west of 
Kanpur mostlj' in the district of Jalaun. This type is reputed to con- 
stitute the most fertile soil of the locality. Morphological examination 
did not reveal any distinct variation from the type III already described 
excepting that the structure of the profile of plain soils was more 
crumby.^ The soils were fotind to he poorer in sodium content as 
compared to typo III soils. The soils were on analysis found to be 
poor in coarse saud and contain from 4t) to 45 per cent. Clay in the 
top layers. They an* fairly well supplied with nitrogen and potash 
but are average in phosphorus. The pll is alkaline to the presence 
of lime. The exchange capacity was found to be fairly high. The 
clay fractions showed richness in basses and the iron present was most- 
ly in an uncoinbined state. The predominating day minerals were 
identified as montmorillomtes. (Agarwal and Mukherji, 1948). 

The Bundelkliand soils have been classified as ‘ tropical tsernozems ’ 
and this classification has been further corroborated by a study of tbe 
isolated clay fractions. The value for the silica-sesquioxide ratio varies 
from 2. 604 to 2.995 and that of silica‘alumina ratio from 2.661 to 
3.870. It has been reported that in the immature type I some evidence 
has been found of latcrisation resulting in iron accumulation at the 
surface. (Agarwal and Muklierji, 19[17), 

(ii) Soil conditions and erbp behaviour. — The thhee genetic soil 
types have distinct crop adaptibilities. Type I is suited for very in* 

fenor type of crops like. iM the kharif and gram in the rahi. In 
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type II Brils jowar fa cultivated in thoMm/and gram intheraK The 
cultivation of wheat or linseed is possible only in typo III soils. 

Methods of dry farming as suited to the three soil types including 
preparatory tillage operations, bunding or mulching, etc., arc in the 
toarse of investigation. It has been tentatively found that shallow 
ploughing cOupled with landing tlie fields give increased yields of 
'crops in type I and type II soils. 

~ (c) Gangctic alluvium in ilio Ceil tre .— The soils in this tract have 
been formed as a result of the deposits laid down by the river Ganga 
and its tributaries. The tract is a vast region occupying the whole 
of the central United Provinces. The differences in soil characteristics 
are mainly clima tic and on the basis of such considerations the Gauga 
alluvium of the United Provinces has been divided into a number of 
distinct soil-climatic regions. Soil work has been done during 1940 44 
only for the following areas : — 

(1) The Unnao and Hardoi districts. 

' (2) The Gorakhpur and Deoria district*?. v 


(1) Unnao and Hardoi Districts . — The soils of Unnao district show 
characteristic of sodium soils. The types so far met with are (a) 
immature salty-alkali soils, (b) salty-alkali and (c) degraded salty- 
alkali soils. The first type is usually found in tarai flow-lying) areas 
and is generally light loam in texture. The colour is more or less 
ash-grey. These do not constitute very fertile soils since cultivation 
is usually precarious due to periodic inundations. Salty-alkali soils 
cover by far the major portion of the tract. The texture is generally 
sandy loam at the surface succeeded by layer of clav in the bottom. 
The soils are grey in colour and of average fertility. These occur with 
or without a Icaiikar layer. Degraded salty-alkali soils are the leached 
soils showing reddish yellow colour and sodium cation is practically 
found absent from the top layers. They are of an open texture and 
contain exchangeable sodium in large amounts in the sub-soils only. 
A regional map of the district showing the distribution of the soil 
types was also prepared (Mukherji, Aganval and Mukcrji, 1946). 

Tn the district of TIardoi, which lies slightly towards the north, 
soils showing characteristics of 1 brown chestnut soils * have been found. 


Results obtained for the Sandila Tehsil in particular and fo'r the 
Hardoi district in general, have furnished some very interesting develop- 
mental characteristics of the soils of the locality. It lias been found 
that the soils bordering the river Gomli towards the north-eastern part 
of the district are. highly sandy in texture, the chief chemical feature 
being the high sodium content, both in the soil solution and the exchange 
complex. The soils are devoid of calcium as well as’ plant nutrients 
and in consequence support only poor types of crops. The soils of 
this tract, however, slightly improve in texture towards the so’nth- 
west. Bordering this zone there is a broad strip of low-lying land in 
the central part of the tehsil where the soil has become alkaline and 
due' to imperfect drainage the landscape is found disfigured by large 
stretches of usar. Beyond this area - the soil again becomes medium 
loam. On the western part of the tehsil the belt of land oh either 



167 

wdo of the river Bai is of goocl fertility and the soils of that am 
are still rich in calcium having a good drainage since sodium has not 
so far produced a harmful effect. A soil map of Sandila Tehsil has 
also been prepared. (Mukerji and Agarwal, 1947). 

(b) Sugarcane soils of the Gorakhpur and Deoria, districts . — 
Gorakhpur and Deoria happen to he two of the main sugarcane grow- 
ing districts of ilio province and the work has been, concentrated in 
these districts since 1942 with a view to understand some of the funda- 
mental changes that might be undergoing in the soil as a result of 
intensive cane cultivation. The main factors under study have been 
the chief mauurial requirement of the crop under different cultural 
and irrigational practices, the selective adaptability of the improved 
varieties to soil types, the suitability or otherwise and the dosages of 
artificial fertilisers etc. The final aim is to find what set of treatments 
produeo maximum yield of cane in relation to long-term soil usage. 

(i) Genetic soil types and their characteristics . — It lias been shown 
as a result of an intensive soil survey that the soils of G-orakhpur and 
Deoria districts can be divided into the following main three types : — 

(a) Calcium soil with a large reserve of lime (type I). 

(b) Leached calcium soil with a Inver of calcium carbonate in 

nodular from ( Kanhar) at the bottom (type II). 

(c) Degraded calcium soils in which the calcium m the exchange 

complex hns been partially replaced by hydrogen (type III) 

Detailed descriptions of these soil types which differ from one 
another in marked degrees of contrast hove been given in the annual 
reports of the sugarcane research work in the United Provinces. A 
regional map showing the distribution of the soil types in the districts 
lias also been prepared along with some detailed zonal maps in which 
n field-to-ficld soil survey was undertaken. 

(ii) Quality and yield of canc as affected by soil types . — In order 
to study the differences in the performances of different popular cane 
varieties as affected by the three soil types enumerated above a uum- 
ber of crop-cutting experiments were conducted on cultivators’ fields. 
The juice was also analysed for quality. Briefly the data indicate 
that Co. 356 suits type I soils. Co. 370 suits all the three types and 
Co’. 421 type TIT best. Amongst the early varieties the indications 
are tlmt Co.39o suits type I and type III aud Co. 393 type II soils 
Co.3J3 has given a poor performance throughout so far as the cane 
yields are concerned hut a good sucrose content in cane was obtained, 
although not as good purity as compared to the other early varieties. 

(iii) Mauurial requirement, of canc as affected by soil types . — Three 

mauurial trials with all combinations of three levels of nitrogen (No, 
Ni and Ns) and three levels of phosphoric acid (Po, P 2 ) were 

conducted one on each of these soil types. They were conducted for 
four cane seasons on cultivators’ fields in close co-operation with the 
staff of the Sugar Industry. 

Iti is interesting to note that a considerable increase in the yield 
of sugarcane can be obtained by liberal nitrogenous manuring in type 



JE, fsoib 'jurtl phosphate piannring > does , not appear to« be necessary. 
In type II soils on the oilier hand, besides manuring with nitrogen a 
supplement of about 40 lbs., phosphoric acid per acre has been. Found 
to be beneficial for crop production. In type III soils phosphoric acid 
application is unnecessary and nitrogen application over 60 lbs., per 
acre did not produce significantly higher yields, but an application of 
lime appears to be beneficial in addition to nitrogen. (Mukher.it, 
'Agarwal and Muklierji. 1944). 
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SUBJECT 1(h). 

Review of the work done on the maintenance of soil fertility in India 
with suggestions for future lines of work with particular reference to 
the effect of soil fertility on the qunlity of crop production. 

• (Note by Dr. Dnlin Singh). 

There is no denying the fact that the average yields of principle 
crops in this country are much lower than those obtained in foreign 
.‘Countries, Ihe reason is that no serious efforts have been made either 
do , 'improve soil fertility or even maintain it nt a proner level. This 
•has* resulted in 'tiie soils having stabilised to a low standard of ferti- 
iity. bod fertility is usually judged by crop yields, as between two 
•soils the one giving n better yield is regarded ns more fertile. Bnt 
there are a number of factors which constantly operate is the soil, 
and fropi tins point oF view, the soil mav he regarded as a highlv 
complex factory in which various processes going on all the time lead 
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to the availability of nutrients required by the growing plant. The 
factors which contribute towards building up soil fertility are given 
below : — 

(1) Texture of the soil. 

(2) Crumb formation. 

(3) Cultural Practices. 

(4) Crop rotations. 

(5) Availability of plant nutrients. 

(6) Microflora. 

(1) Texture of the soil. — The texture of the soil is an important 
factor bearing on soil fertility. Broadly speaking the soil consists of 
clay, silt and sand fractions plus a certain amount of organic matter. 
For the soil to be fertile there should be such a harmonious combi- 
nation of these components. The soil should neither be too loose as 
to be lacking in wutcr-holdhig capacity nor too compact as not to 
permit of I he easy penetration of roots into the sub-soil. A special 
6 tud 3 r of this problem lias been made by E. J. Russel and his findings 
have been published iu the form of a monograph, but I doubt very 
mueli if any elaborate work on these lines has been attempted in this 
country. The texture not only relates to surface soil but also to sub- ‘ 
soil. In some of the recent studies (data unpublished) it was observed 
that the gram wilt disease iu certain semi-arid parts of the 1 Province 
was due to high compaction of 6 to 18 inches layer of the soil. It is 
necessary to undertake these studies on a more extensive scale. 

(2) Crumb formation. — Tf;c formation of proper sized crumbs is 
an important factor contributing to soil fertility. An intensive study 
on this aspect of the problem lias been carried out by Russian Scientists. 
Recent studies curried out in this Province, led to the fact that particles 
below 2. m.m. in size contribute greatly to soil fertility. Therefore, 
in all methods of cultivation it should he the aim of the cultivators 
to produce particles of the requisite size ns a result of various cultiva- 
tion practices. There is a great scope for pursuing these studios more 
intensively. 

(3) Cultural practice. — The aim of all cultural practices is to pro- 
duce a proper seed hod, conserve the necessary amount of moisture, 
and render necessary plant food materials available for the growing 
plant. The number of cultivations to bo given to a particular type 
of the soil is still. a debatable question. On the one hand, there is the 
slogan "dab kay hah tey raj lioy khnh” the more you plough the - 
better crops you* get. On the other hand, there is the booklet of> 
Faulkner “ on the ploughman’s folly ”. 

Which deprecates the idea of excessive ploughings and reeoihnionds 
that ploughing is essential only for the preparation of a' suitable' seed 
bed and for the eradication of weeds. Recent experiments carried out 
in the Punjabvundcr irrigated conditions of Lyallpnr 1 and Montgomery 
(doin' unpublished) have shown that out of nil tile 1 crop 1 growth factors 
suohe as total! nitrogen; available nitro’gon, moisture, organic matter, 
plant nutrients, crumb formati pm and weed' population, it was only 
available nitrogen and’ weed population) that were affected as a* result 'of 
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varying number of cultivations. The increase in fertility in tlio case of 
Lyallpur soil, where the soil was initially at a lower status of fertility 
was refleeted in increasing crop yield as a result of increasing number of 
cultivations, but in case of Montgomery soil which was initially at a. 
higher level of fertility no such effect was visible hy increased number of 
cultivations. Detailed experiments in order to throw light on this im- 
portant factor were planned in the united Punjab but owing to the parti- 
tion of the Province the work could not be pursued any further. 

(4) Crop rotation. — The inclusion of a suitable crop rotation in 
any system of crop planning is a very important factor. Each tract 
has from time immemorial followed certain crop rotations which appear 
to be suitable for Ihoise localities. The Department of Agriculture as 
a result of experimentation on different farms have evolved suitable 
rotations for particular localities. But the effect of different rotations 
on the soil fertility has not been investigated in detail so far. A begin- 
ning was made at Lyallpur to study the effect of four important rota- 
tions being practised at the farm on the fertility of the soil, and it was 
found that the rotation most recuperative helped in tbe increase of 
available nitrogen. It was proposed to study the effect of all the 
rotations on soil fertility, but owiug to the partition of the Punjab, 
the work could not be continued any further. 

(5) Availability of plant nutrients . — The ultimate object in all 
agricultur.il operations is to increase the availability of plant nutrients 
in the soil. This may be done either by the incorporation of plant, 
food materials in the form of manures from outside or by rendering 
the unavailable plant food materials already present in the soil in an 
available form. For whatever operations are followed the increase in 
yield and consequently soil fertility will correspond directly with the 
plant, food material thr.fc is made available in the soil to the plant. 

The fertility of the soil may be improved by the addition of the 
following manures : — v 

1. Fai’m y manure. 

2. Compost. 

3. Green manure 

4. Organic cakes. 

5. Artificial fertilizers. 

The artificial fertilisers can act readily hut the other types of manures 
take sometime before their nutrients can he made available for plant, 

‘ The effect of different types of manures on different types of soil 
under varying conditions of climato mid tempernturo in nffocting soil 
fertility # is again a very co'mplex factor. This work which relates to 
agronomic experiments has formed the subject of an important report 
recently submitted by Dr. A. B. Stewart. The problem is vast and can 
only be tackled from different aspects in the Provinces. Manurial ex- 
periments have been going on in certain provinces for a number of 
years but no conclusive results hove, been obtained, as in all other 
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experiments, the- soil factor -was- completely ignored. The new scheme 
must lay stress on the study of soils-' as an important factor in- soil- fer* 
tility and consequently crop growth. 

* (6) Micro flora . — The micro-niologieal activities of a soil is a con- 
tributing factor towards soil fertility. It is, therefore, most essential 
that the microbial activities should, be mniulained at a proper- level 
A vast amount of work on this problem has been carried out in. outside 
countries but the most outstanding work on, theso lines that was carried 
out in the Punjab related to the inoculation of bcrscem. By introducing 
a proper strain in the soil it was possible to increase the yields tremen- 
dously and sometimes their effect was greater than those of manures. 

The question of quality of crop in relation to soil fertility lias 
not. been studied systematically, ns it. is extremely difficult to lay down 
standards by which quality of a particular crop may be judged. Tn 
some cases it may be possible, whereas in others it. is extremely difficult 
to define quality. The work has, therefore, not progressed much on 
these liues. However, this does not mean that the problem which is 
important. But it Is the very complex nature of the problem wliicfc 
is defying the scientists. Ultimate aim in the investigations must be 
tc produce crops of better quality and quality must not be sacrificed 
at the expense of yields. 


SUBJECT 1(b). 

Review of tlie work done on the maintenance of soil fertility in India 
with suggestions for future lines of work with particular reference 
to the effect of the soil fertility on the quality of crop production* 

A Note by Dr. »T„ K, Rosu, jU.Sc., (Cal.), Ph.D., (Lond.l. F.N.T., 
Soil Physicist to the Government of Bombay, Province, Sholnpur. 

The problem of maintenance of soil fertility is ns old ns agri- 
culture. In every country world over, men have realised that the 
yields of crops cannot be kept up at a high level if grown on tile same 
land for long nnd certain basic principles of maintaining soil fertility 
were evolved through ages, which were ultimately incorporated in the 
Joeal crop-husbandry. Although theso practices differ considerably from 
tract to tract according to the nature of crops grown, soil and climatic 
ionditions prevailing, and to the need of the people, the underlying 
factors of all these practices fall under three main categories (1) tillage 
operations (2) crop rotations and (3) manuring. Theso three points 
on which the super-structure of modem agriculture stands today, were 
also true in the agriculture of yesterday. Besides these, which has not. 
been seriously, thought of, until recent years, is the need, for erosion 
Control in, the types of agriculture. It is, therefore, proposed to review 
the work done under the above four heads. , The relovant literature! 
on the subject is very vast and critical examination of the entire yield 
is not possible in a short note.. The salient features of this all important, 
subject will, therefore, bo discussed with a, view to re-orientating our 
present day ideas for building up a sound long-term agricultural 
hlttCAR 
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policy •which will ensure self-sufficiency of food and other vital necessi- 
ties of life for generations to come. 

REVIEW. 

It may be mentioned at the outset that certain aspects of this 
subject have already been dealt with by the author (1, 2) but some 
repetitions of the same will, however, be .unavoidable. In treating the 
subject it is necessary to distinguish the three main types of agriculture 
prevalent in India in which the methods of. management arc widely 
divergent. 

I. Traditional Agriculture . — This is the type of agriculture which 
has developed in different localities through ages. Though it. has evolved 
os a result of past centuries of experiences it has remained backward 
due to ignorance, fatalistic attitude and dire poverty of the farmers. 
Although it is said that nmnurial practices were iii vogue, even in the 
Yodic times (3) and that the early valley civilisations of Moheniodaro 
(4) indicated prosperous agriculture of those day's, at the present time 
the conditions of traditional agricultural ’ are nppnlling. Our yields are 
proverbially low when compared with other advanced - countries of the 
world. The reason is not very far to seek. Organic manures (e.g. 
oowdung, farm refuse, etc.) arc hardly returned to the soil as they 
are mostly used as fuel. The barest cultural operations are given in 
order to sow the seeds and hence the fields are always* dyer-grown with 
weeds. Crop rotations are hardly followed, and continuous growing 
of cereals on the same fields depletes the soil completely and makes 
it prone to severe erosion losses at times. Although there are no reliable 
data available over long periods to show the deterioration in soil fertility 
under traditional agricultural practices in India it is hardly believable 
that the productivity of the land coujld be .maintained over centuries 
through such exhaustive and erosion-permitting agriculture. (5). 

II. Improved Extensive Agriculture. — Iii the dry land and rain- 
fed tracts in India, improved agricultural technique has been introduced 
from time to time on Government Farms and Experimental stations 
as the sciences of agriculture progressed. Improved implements, better 
seeds, systematic manuring, crop rotations and pest and diseases’ con- 
trol methods have definitely raised the agricultural yields of most crops, 
although the results of these promising' methods have not filtered down 
to the average cultivators as yet. There is, however, considerable scope 
for improving the plan and design of field experiments in India as 
pointed out by Stewart (6). A critical examination of the past work 
is, therefore, very urgently called for. " 

III. Improved Intensive 'Agriculture. — Similar remarks applv in the 
case of intensive agriculture, although greuter attention must be paid 
here regarding changes in soil under different systems of soil manage- 
ment. Under perennial irrigation, yields of crops can he easily pushed 
up by heavy manuring and irrigation but the changes of damage due 
to excessive salinity or. waterjogging are also great unless the lands 
are pre-surveyed for the intensity of irrigation they are -able to stand 
{<). I hanks to the foresight of, the Indian Council of Agricultural 
Research considerable amount of, valuable -data is now available on 
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irrigated -crops, lige > sugarcane and paddy,. xvliieh will definitely help 
to build up sound agricultural • planning for the country in future. 

Only a brief review ol’ the work done on improved agriculture, 
both extensive and intensive, is presented below under four heads : 
(i) tillage (ii) rotations (iii) manuring and (iv) soil conservation. - 

TILLAGE. 

A searching . examination of the cultural methods in vogue should 
be made with a view .to classify them into those that, are actually required 
for maintaining crop yields at an economic level and those that are 
adopted as age-old practices. Sound agronomic experiments on tillage 
operations arc few and far between in Indian Experimental Farms and 
those which have been conducted on. proper statistical methods arc also 
not carried out long enough in mnst cases. There is, therefore, con- 
siderable need for long-term co-ordinated research on tillage methods 
in main Experimental Stations in India on soil-climatic basis. A few 
of the outstanding results are, however, presented here for considera- 
tion. Observations (8) on deep ploughing in Black Boils, for example, 
point out that this operation is not altogether needed ns a routine 
operation from the results of three years’ experiments at Hagari 
(Madras) where deep ploughing and shallow ploughing yielded alike. 
Similar results were obtained at Sholnpur (Bombay) where ploughing 
did not show any advantage over harrowing . in increasing the yields 
of Jowar crop (9). Kutluunstcu experiments on wheat, bnrlcy and 
mangold also corroborate these findings ns yields of these crops were 
not significnntly affected by the use of implements working at different soil 
depths. Sewell (30) in a review of literature on dry farming showed that 
shallow ploughing (upto 7 inches) produced ns good ns deeper ploughing 
and concluded that the necessity of cultivation was -only to kill weeds 
and maintain the soil -in a condition favourable for absorption of rain 
water. It is, however, essential to conduct, some long-term experiments 
to find out. the optimum frequency of ploughing required to maintain 
fcrop .yields at a higher level. From fairly exhanu.tive trials in the 
Punjab if. can be concluded that where the standard of normal cultiva- 
tion by the Doshi implements is high, the use of improved implements 
has significant effect, on crop yields. For the eradication of deep rooted 
weeds, deep ploughing by tractor is likely to be necessary and the 
results from Assam also - indicate that it may also be useful for paddy 
in some soils (fi). 

Intereulturings have shajwn some advantages in controlling the 
weed infestations and in conserving soil moisture. At the Research 
Stntiou at Sholnpur, it, juts been observed that inter-culturings in certain 
months have yielded bcnefie.ial effects (11) in that, the increase in nitrate 
content, agreed with ihe increase in jowar yield. It lias been observed 
that in the Godavari and Tanjor Deltas (32), ii is usu^il to leave the 
land undisturbed after the harvest of paddy and to puddle it only 
after rains for (lie next crop of paddy. In some ports of the Delta 
areas, sugarcane is pul immediately after, paddy which requires break- 
ing up of soil and other cultural operations but it is found on such 
soils, reduction in paddy, yields after sugarcane. At the Research 
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Station, 'Pa'degaon (Bombay) it lifts 'been ftho’wn that the customary 
operation of “ earthing up ” enn be 'dispensed with safely without 
lowerinpr crop yields. (13). 

ROTATIONS. 

Good crop rotations have come to be recognised as one of the ‘best 
method of improving soil fertility, .yidltls and nutrient value of the 
props all over the world. Much valuable data are available in the 
different Provinces and States in India on the .subject but. no recom- 
mendations are possible unless (hey are ‘collected and critically examined 
on the basis of soil types and climate. It -is also necessary that soil 
Changes are studied carefully in tins connection both 'under continuous 
cropping and rotations of crops and follow in order to assess -the ‘values 
bf rotations on a long-term -basis. At present the terms " Soil ;Exhaust- 
imr " and “ Soil Recouping " crops are used very vaguely and ;it .is 
high time we know more precisely -about 'the relative 'merits of vimious 
props in this respect in different, ’localities for building our existing 
rotations on more scientific lines. 

Although details of cropping will have to be worked on the basis 
of long-term experiments on individual soil types, some interesting 
results are available from the Dry Farming Experimental ‘Stations of 
the Bombay Province. At Bijnpur, for example, cotton-jowar rotation 
has given 15 per cent, and 46 per cent., increase^ yields of jowar over 
continuous jowar in deep black and limy soils respectively (9). Again, 
at the same place jowar after fallow has increased the yield by 67 per 
cent, over jowar after jowar. Here reduced expenditure in a year of 
fallow and 67 per cent, higher yield after fallow together would com- 
pensate largely for the loss of a crop in alternate years. Similar 
promising results arc also observed at the Research Sub-Stations at 
•Tear (Sholapur) and Chas (Ahmednagar) where following has almost 
doubled the yield whereas gram-jownr and wheat- jownr have both proved 
superior to jowar every .year. 

Mixed cropping i.e„ sowing mixture of legumes and non-legumes 
on the same field is a -very .common practice with the cultivators in 
India and should ’be carefully investigated at'tbe experimental stations., 
Voelkar has pertinenllv pointed out "that it is quite a mistake to’ 
suppose that rotation is not understood or appreciated in India. Very 
frequently mixed -crops are met 'with year after' year- on the same field 
and that this is the simplest form of rotation in which - individuals in 
cereals and pulses get the fullest chance of exchanging places with each 
other.". (14). Mollison also mentions thdt system of mixed cropping 
so common in India is undoubtedly a successful and profitable method 
which probably has done more to uphold the fertility of the Indian 
soils than any other practices. 

Coming to intensive forming practices considerable .amount of re- 
liable information on crop -rotations is available in reports of various 
experimental stations in India and a -few typical results of the -Bombay 
Station are: given diere for -illustration. 

At the Padegaon Research Station .the following two rotations are 
found quite successful iu maintaining soil fertility. j 
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Snnn-eanc-rabi 'jo'war where green rmanuring us to be followed and 
jsotton-cane-rabi jowar in case .sufficient compost is available. It is to 
be noted that for the maintenance. -of soil fertility the rotation to be 
practiced depends to a large exlent on the soil type. Thus the results 
to ’ date indicate that on types F, G and II, a two year rotation is 
quite suitable whilst on types A, -D and B (Padegaon Farm type) a 
three year rotation is preferable, and in types C and E, the rotation 
niaj r have to be lengthened to four years. 

Further the nature of preceding crops .has also considerable effect 
on tlie yields when sugarcane is grown on different soil types. Thus 
tlie cane yields after various rotational crops receiving compost at the 
time of planting show that ‘ rotation with groundnut has proved most 
successful on three (A, B and G) out of four soil types. On “ F ” 
type, bajri has helped to raise the highest yields. Among the green 
manuring crops and fallows, sann has shown superiority over others 
on A, B and G types whereas Patnda Shevra ( Desmodium diffusum) 
topped the list on F types. The average yields of cane showed the 
fdllmving descending order of fertility : A. D7 G7 F (15). 

MANURING. • 

The primeval principle embodied in the practice of soil manage- 
ment is the simple conception of replenishing (lie soil which becomes 
slowly and steadily depleted of its store of plant food du«s to removal 
of bumper crop harvest every year. ‘ Mammal practices comprise direct 
application of bulky organic manures like form yard manure, compost, 
etc., and the concentrated chemical fertilisers like super-phosphate sul- 
phate of ammonis, etc., either singly or in combination to the. main 
crop or through a preceding crop (either a green manure or a catch 
crop in rotation). The material available on the subject is so extensive' 
that separate volumes can be written out on eneh of the major crops 
grown in India. The manorial reviews on sugarcane by Rege (16) on 
paddy by .^'ethi (17) and on cotton by Panse (18) are indeed very 
valuable in depicting tlie present position of the .manorial work in 
India. Vaidyanatlian (19) who has statistically analysed the mammal 
experiments conducted all over India upto 1933, concludes that of the 
effects of principal manures and nitrogenous fertilisers in am- 

monium sulphate lias performed well in varying doses oil all crops 
with the exception of cotton. Of the phosphates super-phosphate applied 
alone proved beneficial to sugarcane and paddy. On many farms a 
mixture -of nitrogenous and phosplintic manures lias done well on crops 
like paddy and wheat. Of the bulky organics, farm yard manure alone 
has been generally effective on all farms deficient in organic matter, 
otherwise its effect has been felt only in long-term experiments. In 
combination with artificials and oileakes, it has usually given excellent 
results. 

In ■ recent experiments conducted at the Dry Farming Research 
Station, Sholapur ( 11 ) it. has been observed that the yields of dry crops 
can be considerably pushed up by making up the soil deficiencies of 
badly eroded soils by the joint application of bone-meal, farm yard 
manure and cake in 3 ears of average rainfall. These soils ore also 
found to be lacking iu certain trace elements -like Boron, Manganese and 
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recent field experiments on legumes have shown increased yields to the 
extent oil 20 to 35 per cent. It is also interesting to note in this con- 
nection that the quality of crops has also been improved considerably 
in tlic ease of groundnut and soya bean. Stewart (6) has observed 
that “ although quite a number of instances of suspected Boron, Manga- 
nese. Zinc and oilier trace element, deficiencies have been reported from 
as widely separate parts of India as the Punjab and Travnncore, the 
•study of trace elements in relation to plant and animal ntitrition and 
crop production in Indian soils has received very little attention 

The need for tlic application of bulky organic manures for sugarcane 
cultivation lias been definitely proved at t he Research Station at Pndc- 
ga on (Bombay) where it has shown considerable deterioration in cane 
yields in plots receiving no compost but only top-dressings of sulphate 
of ammonia (15). ’The results of annual applications of various nitro- 
genous manures and fertilisers under irrigated conditions at the same 
station have demonstrated that, farm yard manure stands out. ns the 
best in raising the levels of available plant food constituents and in 
building the best possible water-stable structure of soil when campnred 
with other manures and fertilisers (15). In the course of a soil ferti- 
lity survey undertaken over the Canal Zone of the liombav-Deecnn (20) 
it. has been brought to light that sugarcane ns grown by cultivator 
using large doses of organic bulky manures has boon responsible for 
aH round .improvements in soil fertility excepting heavy losses of lime. 
Soil deterioration has only taken place when sugarcane has been grown 
with insufficient period of rest. Such deterioration has been ascribed 
to rise in C :N ratio of the soil, methods of whose reclamation have 
been dealt with in a separate publication [21). Green manuring is 
another aspect of manuring work which lias received considerable atten- 
tion in India and has been reviewed recently by Mukerji and Aganvnt 
(22). This type of manuring has not proved very successful so far 
m dry farming, probably due to lack of moisture in the soil.. In 
recent years field experiments have been taken up at Sholapur (Bombay) 
on the best technique of incorporation of green manure p.s well as of 
composted green matter with other farm refuse. 


t A 2 ] . ^ le phospliatic fertiliser experiments conducted m different parts 
of India also require very careful scrutiny not only from the point of 
view of statistical jl’oriciiis? out of data but, also from tbeir inter-actions 
on various soil tj r pes nud on different crops. Phosphate fixation is a 
i* *• « • . on many Indian soils and the technique of its 

application should receive greater attention in future lines of work. 


Quality of Crops .— Much work has not. been clone so far in India 
on this aspect. Vislnvanatli (23) working with farm yard manure at 
Coimbatore proved that in all respects crops grown with tlic application 
of well rooted manure superior in nutritional quality, cropping value 
and content of vitamins. The crop tried were jowar and rani, lie has 
also shown that well-rooted manure contains hormones or growth pro- 
moters similar to Bottomley s auximones in organic manures and neu- 
cieic acids and their derivatives. .The animals fed on such grains were 
healthier and grams also were more viable. Quality of cotton lint lias 
been studied , by Nayal; (24) who reports that Jayawant grown at 



Dharwar yieldod an optimum quality of cotton with five tons of manure 
but higher doses resulted in deterioration. Gulhati and Ahmed (25) 
showed that percentage of manure fibres in Cambodia cotton increased 
by applying sheep-dung with sulphate of ammonia. It. Bhusahanam 
(26) reported that of the various manures cattle manure gave the 
maximum outturn of cane but the quality of juice from no-manure plot 
was superior to that from other treatments. Basu and Tagore (27) 
working on alkaline soils of the Dcccan Canals have shown that yard 
manure alone treated plots, although brought about lessor reclamation 
of sodium soils when compared to a mixture of sulphur and manure, 
improved the quality of gvl to the maximum extent. The study of 
qualitj r of crops should receive greater attention in all our future ex- 
perimental work as it can make up in many respects the quantity faetor 
of modern agricultural products which is falling far short of our 
present-day requirements. 

SOIL CONSERVATION PRACTICES, 

Reliable information is now available from the United States that 
over large parls of. world’s productive food growing areas, one-fourth 
of the agricultural land has been destroyed in little over a century 
by erosion and exhaustive farming. Even at. the present time after 
drastic measures have been taken the Department of Agriculture of the 
TJ.S.A. estimates that productive top soil is being lost by erosion at 
the rate of 5 Inkhs acres a year. Similar situations arc prevailing in 
many other countries of the world but unfortunately no accurate data 
are forth coming for such losses of soil. Comparing America Jacks 
and Whyte (23) have written “ the same phenomenon has appeared in 
tong-established countries of the Orient, where the consequences of 
recent exploitation arc super-imposed upon those of land’s senile decay. 
Recent exploitation has been responsible for much of the catastrophic 
erosion that scars the foot-hills of the Himalayas but old-age has also 
left its mark over wider tracts of India in the form of sheet erosion 
which has been going on for centimes 

A technique for quantitative measurement, of runoff and erosion 
from controlled plots was developed at. the Dry Farming Research Sta- 
tion, Sholnpur (303-1.) and at the Punjab Irrigation Research Institute 
at Mndopnr (3936). At the latter place losses showed' marked accelera- 
tion of both runoff and erosion as a result of close clipping of grass 
cover, to stimulate in some degree the effects of over-grazing. At Shola- 
pur, while natural grass vegetation gave only about half a ton of soil 
loss par annum per acre, close clipping accelerated the loss to over 37 
tons per annum. Growing of cereals (jowar) enhanced the losses to 
more than 36 ton per acre per annum This works out to loss of 7 
inches of top within a period of less than 30 years. Bennett (29) a well- 
known authority on Boil Conservation has written “ according to esti- 
mates based on experience and intelligent observations, some of those 
> who have lived in the country fear thnt if erosion is permitted to con- 
tinue at the present rate, the situation in India may, in a few decades, 
be as serious as that in North Western China n . 

Recent erosion survey which is being conducted by tljrn research 
staff at Sholapur oyer the scarcity tract of the Bombay Province indi- 



cates that more than 70 per cent, of the cultivated- land of the- tract 
have partially or seriously eroded (11) Although this sample survey 
has been conducted over 35’, 000 acres comprising randum selected catch- 
ment areas, nevertheless it emphasizes the urgent need of erosion control 
measures in the cultivated lands of this tract. Probably a similar 
serious situation will be revealed if erosion survey is carried out over 
greater parts of cultivated areas in India. It may, therefore, appear 
to be surprising how cultivated lands are still able to supply our food 
requirements even today. The” answer is given by Jacks and "Whyte 
(28) as “where erosion has been going on for centuries, the ryots have 
evolved farming systems which, although not completely checking erosion, 
have kept it to manageable proportions Bennett (29) has also stated 
in his book on Soil Conservation that “ from the Indus in the North- 
West to the Southern extremity of the Peninsula, bunding has been 
practised for hundreds of years for controlling erosion and conserving 
moisture Bunding schemes on more scientific basis have been carried 
out in the Bombay and Madras Deccans, in Central India and in the 
Punjab, for some time past. Only a brief account of the work done 
in Bombay is given below : 

The progress of work done so far can be conveniently divided into 
three periods representing three progressive phases of it such as (A) 
individual field scale work done between 1928-40 (B) group-scale work 
done between 19)40-43 and (C) regional-scale work done after 1943. 

Individual field-scale work, — This work ivns chiefly undertaken on 
the strong recommendations of the Royal Commission ,of Agriculture 
in assisting the farmer in controlling soil erosion. A small staff of 
two Bunding Officers for the whole of the Province was provided apd 
their work was purely advisory. They were expected to examine the 
cases of individual applications from farmers who desired to put bunds 
in their own fields and to recommend to them suitable bunds and vaste- 
weirs after personally inspecting the sites. More often the bunds were, 
proposed according to the wishes of the cultivators and the only techni- 
cal advice given was on the size of bunds and waslc-w-eirs and the ap- 
proximate cost. 

Group-scale work. — Government had been slowly realising that such 
work of anti-erosion measures could not be sufficiently effective and 
successful if carried on such piece-meal scale. Just at this time Sir 
Ness Wadia who was inspired by extensive nature of such works done 
abroad (U.S.A 1 . and Australia) offered a sum. of money on certain 
conditions and the Bombay Government formed a trust for undertaking 
larger-projects. In this scheme a group of cultivators had to agree to 
construct bunds eo-o'peratively on a community basis. The smallest 
size of a project was fixed as contiguous and convenient area of 500 
acres or more (upto about 1,000 acres). The work of actual construc- 
tion of bunds was to he done by the cultivators and they were offered 
a subsidy of Rs. 5 to lls. 6 jicr acre for “ oul-of -pocket expenditure ” 
for such material as stones or skilled labour for the construction of 
waste-weirs. All the technical advice was given by the Government 
'and an- Overseer was provided to supervise the construction and other 
agronomic improvements that were to be introduced in the areas so 
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protected. The bunds planned, were not strictly contour bunds but 
were generally running across the' major slopes of the areas. The bunds 
-were 'generally designed on straight lines with angular bents where 
required. Such a method always resulted in a movement of water along 
the bunds and accumulation of water at low-lying points. Under the 
circumstances waste-weirs were required to be provided for taking care 
•Of such excess water and the water that was found to enter the bunded 
areas from higher regions above the project area. 

Over 30 such projects which were colled Village Development Pro- 
jects covering an area of about 25,000 acres were prepared and execution 
had started hut out of these not more than ten were completed. 

Regional -scale work . — This phase of the work which was started 
from April 1943 must be considered as the most effective phase although 
it may require modifications through research. The regional ideology 
is the secret of success for any effective prevention or control of erosion, 
and harnessing the water resources of a water-shed. No waste-weirs 
were planned as none were considered necessary. The general policy 
adopted was to construct one bund of 3 ft., height and 8 ft., base at 
every 6 ft., drop or at, a distance of 250 ft., whichever was less. In 
uncultivated slopes, trenching was done on contours at a distance of 
150 ft., and these trenches wore planted up with suitable forestry.* 
All gullies in the area covered by bunding and trenching were plugged 
up by stones or brush-wood, groynes so as to retard the flow of water 
in those gullies and reclaim silt, at plug-points for cultivation. Over 
5 lakhs of acre were thus bunded and trenched during the years 1943-46. 
The effects of these control measures on the building up of soil fertility 
are under examination at the land Improvement Research Station at 
Sholapur. 

The outstanding feature of the modern outlook on Soil Conserva 
tion is the emphasis laid on the superior value of biological as comparer 
with mechanical erosion control. The biological control of erosion by 
crop rotations consists in adopting a system of strip cropping i.e.. 
sowing- close growing erosion-resisting crops in alternate narrow strip. 

• laid across I he major slope of a cultivated land. Such erosion resisting 
crops absorb most of the rain and prevent run-off of water and soil 
movement. This aspect, of soil conservation although popular in the 
U.'S.A. has been in tin* experimental sluges in India. At the" Research 
Station at Sholapur. a Contour Strip Cropping Scheme has been in 
operation since 3945 and the problems such as selection of the most, 
effective erosion -resisting crops for different tracts, optimum seed rates 
of crops for obtaining maximum canopy and protection against soil ero- 
sion, optimum width of erosion-resisting strips at given vertical falls 
and effect, of rotations of these erosion-resisting strips with erosion- 
permitting cereals on soil fertility, «».*.•* being studied. Before adopting 
Euch biological methods of erosion, control in different . parts of Indin, 
it. would be necessary to obtain similar data from different soil-Climatic 
zones of India. Tt is a line of work to which considerable attention 
-should be paid as the methods are inexpensive as compared to raecnwu- 
. cal methods of erosion control. 

1*1010 AR 
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A RATIONAL APPROACH TO THE PROBLEM. 

hi tlie agriculture of the past very -little attention has beeij paid 
to the soil conservation sides of the problem, the need for conservation 
measures being thought only necessary for specific instances. It is, 
however, assential now to emphasise the vital importance of being ero- 
sion conscious ” in ail over agricultural practices as the present-day 
agriculture is nothing but “ human interference with Nature’s law ” 
the biological balance being normally upset as soon as the natural flora 
associated with the soil-climatic complex are disturbed. To quote Bpnnett 
“Since the first crude ploughs uprooted the first square foot of sod and 
since man’s axe first bit into virgin forest erosion of the soil has been 
a problem The only remedy lies in the clpar recognition of the land 
as a biological entity ’’ capable of growth, development and decay like 
any other living organism. It can only live in association with its natu- 
ral flora and fauna forming a natural non-eroding system. The agri- 
cultural methods should, therefore, be evolved taking into consideration 
the intrinsic quality and requirements of the soil and its environmental 
factors. The following suggestions are made for proper development 
of agriculture of tomorrow 

The adoption or so-l conservation practice.-, as the basis of land- 
utilisation should be the first step towards a sound soil management. 
The foremost pre-requisite for successful farming is, therefore, to Make 
an entire catchment or water-shed as a unit of organised planning for 
agriculture. 

Farming-planning should be done by experts cm the basis of land- 
capability survey taking into consideration all factors, sueli as soil, type 
slope, soil depth, erodibility and adaptibility of crop plants and farm 
animals of the tiact. This will give us 5 to 8 classes of lands according 
to soil-climatic zones. For instance, in the dry zones of the Bombay- 
Deccau, the following five land classes are found suitable : 

Class I : — Cultivable laud with little slope (less than 0.5 per 
cent.) not liable to erosion. 

Class II : — Cultivable land with greater slopes CO. 5 to 1.5 per 
cent.) fairly liable to erosion. 

Class III : — Cultivable land but with sharper slopes (1.5 to,.3.C 
per cent.) very erodible. 

Class IV : — Not cultivable due to sharp slopes (greater than 3 
per cent.) and poor soil. 

Class V : — Not cultivable due to sharp slopes (greater than 3 
per cent.) and no soil. 

In future all our experiments will, have to be done on all these 
land classes separately. For example, in Class I to Class III lands 
were arable fanning will be recommended, increasing attention should 
be paid to research work on soil conservation practices as we pass from 
I to III. Thus while in Class T land, simple practices like contour 
cultivation, application of organic manures and introduction of legume 
croups every 2 to 3 years will be sufficient, in Class II lands, contour 
strip cropping with alternative years under legume and mulch farming 
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•will bo necessary. In Class 3IT lands, much greater attention will have 
to be paid on soil conservation technique such as terracing, contour 
strip cropping, heavier applications of organics or putting to entire 
crop of legumes on occasions to build up soil fertility. In lands under 
Class IV and V necessary to pay more attention to “ Icy "-farming with 
or without controlled grazing. In Class V trenching and afforestation 
will help to rebuild the lost fertility' in time. 

It Is true that research activities will be considerably increased 
when we look at the problem of maintenance of soil fertility on such 
multi-dimensional planes but there is no other wav to save the world 
agriculture which is heading today towards a gigantic catastrophe. 
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SUBJECT NO. 1(b). 

“ORGANIC AND INORGANICS IN THEIR RELATION TO SOlk 
FERTILITY AND CROP PRODUCTION”. ‘ 

By T Chatterjee. M.Sc., (Agri.) L. Ag.. Assistant Agricultural Commis- 
sioner, ■with the Government of Tndia. 

This paper is promoted from the fact that of late much controversy 
has arisen as to whether organics or inorganics should form the source 
of amelioration of soil fertility. There has been as Ogg. remarked in his 
Presidential address in the agricultural Section 1 of the last session of the 
British Association for the Advancement of Science. “ Virulent and un- 
provoked attacks ” on the practice of using fertilisers. In India also 
a number of articles were published particularly in the Statesman raising 
much controversy on the subject. Tt is therefore necessary to consider 
the matter in due regard to the available on’ the subject. 

There are two schools of thought, one led by Howard and the other 
by the large number of soil scientists and agronomists. In this book on 
agricultural Testament Howard denounced chemicals and fertilisers. A 
large number of disciples has also gathered round him, and such books as 
Eva'Balfof’s “The Living Soil”, Friend Sykes “Ilumus and the Farmer”. 
-T.I. Rodale’s “Pay Dirt”. King’s “Gardening with compost and” and 
drummaud’s “Charter for the Soil” etc. are the outcome. Tu short their 
thesis divides into two. 

The natural- organic matter aa obtained from Farm Yard Manure 
compost and so forth is al] that is needed for soil fertility, and artificial 
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fertilisers* are 'to be slimmed as 'injurious, There' is however a distinction 
in Classifying the inorganic fertilisers. One - such protagonist J. I. 
Rodale states (vide “Pay Dirt” page 6) that “for the purposes of this 
bookj the terms chemical fertilizer' or chemical shall be taken to mean those- 
commercial or synthetic substances extensively used in the last fifty years 
in crop 'production which in combination with elements in the soil tend 
to produce insoluble sail residues that are detrimental to fertility. For 
instance, superphosphate, ammonium sulphate, calcium eynamid, nitrate 
of soda, and such combination as those populary labeled 8-10-6 etc., are- 
poisonous sprays such as arsenicals. “According to him ground phosphate 
rocks, which are chemicals, strictly speaking, are not to be considered” 
“chemical fertilizers’ 1 ’ for the purpose of his book. This distinction 
lacks consistency but it is a notable feature in the attitude of the spon- 
sors of this school of thought. It may be stated that the insoluble salt 
residues referred to by Rodale are produced not only by the offending 
fertilizers but also by those tested by him and have received his blessings. 
However the main points of their thesis may be set forth as follows:--. 

1. Nature is the supreme farmer. We should therefore leave- 

fertility maintenance to Nature, simply ensuring the return- 
to the soil of organic -wastes. 

2. Plant* raised b 3 ' chemicals arc much more liable to pest and 

disease. Plant disease will cure itself when plants are 
raised on humus manure. 

3. The nutritional value of compost raised crops is higher than' 

that of chemical raised crops. 

4. Conjoint animal- vegetable type of humus is the type we must. 

provide 

Their further contention is that — 

Certain fungoid reactions are of fundamental- importance to plant- 
nutrition. Chemicals inhabit the growth and development 
of these fungi as well as of soil micro-organisms and earth 
worm. 

Tf nature is the supreme farmer and if artificials arc to be shunned, 
does it 1 not logically follow that 1 we should strictly depend on nature as 
we did in primitive days? Yet the man made agriculture has gone for- 
ward stej) by step only by artificial moans. In place of wild mixed 
flora and fauna an earth’s surface man has evolved new species vrhich 
arc nothing but prodigies and abnormalities from nature’s view point, 
hut man lias produced them artificially and has -adopted them for his 
special utility. Judged behind this background not only has agriculture 
discarded from its very dawn the simple path of nature but has followed 
a course ‘which from the view point of Howard school should be called 
essentially and fundamentally unnatural. Agriculture involve soil 
treatm’enf which' nature ’never’ did before. It, cultivates plants like 
potato, tobacco etc. which have travelled from one corner of the earth 
to other, it 'has developed machinery, tools, etc. all artificial, it has erect- 
ed irrigation projects which in some eases have led to complexities like 
alkali problem which 'again can only be tackled -by- chemical -and artificials 
means. 
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'As regards} (tie contention that plant raised by these means are 
more liable 5 to post and diseases, this is not borne out by fact. In India 
at any rate the use of artificials is negligible, yet last year a large part 
of wheat area was devastated by rust. In 1845 potato blight devasta- 
ted Poland. Germany, Belgium, Prance and England. This occurred 
when fertilisers were not used. The interesting point here is that the 
very chemicals and artificials which are so vehcmentally condemned ac- 
tually came to the rescue in another form. The discovery of Bordeaux 
mixture led to the control of the disease. 

As regards the claims that “the nutritional value of compost raised 
crops is higher than that of chemical raised crops”, this is not substan- 
tiated by faets. Ogg remarks that tests carried ont some years ago, at 
the Bunn Nutritional Laboratories in Cambridge, showed that the vita- 
miu-Bl potency of wheat grown at Rothamslcd on plots which had re- 
ceived heavy animal dressing of fertilisers for over ninety years was at 
least '*uual to that from the plot which had received fourteen tons of 
farmyard manure annually over the same period. A similar result tvas 
obtained from barley from the classical Hoos fie’d. and potatoes grown 
in a normal rotation which were tested for Vitamin C showed no difference 
whether grown dung or sulphate of ammonia. 


Ogg states that a recent American experiment lias comnared the 
nutritional value of gra^s grown in a fertile soil well supplied with or- 
ganic matter with that from a large-scale artificial water culture medium, 
free - from organic matter. The conclusion [reached w r as thnt in both 
cases the animal made good growth and gave evidence or nutritional 
well-being and that there was no evidence that the plants grown in the 
inorganic medium were deficient in any dietry essentials, A recent re- 
port^ (19-1(547) of the Soilless Oulturc at this Hydroponic Research Centre 
at TCaJimpog States that no distinction was noticed between a chemically 
grown plant and naturally reared one in point of flavour, nor have ana- 
lysis shown any difference in vitamin contents. 


As regards the next point that we must, provide conjoint animal- 
vegetable tvpc of humus, no one will question the principle, lint its limit- 
ed aviulabi'it.v imposes practical limitation on its wide-senlc application. 


; \ i * regards the point that chemicals inhabit the growth of soil micro- 
organism. Ogg states that careful tests made cm the classical plots at 
Rothamsted have given evidence that the application of inorganic fertili- 
sers even for many successive years has not had any deleterious effect 
On the soil micro-population. 


But a mere increase in numbers of micro-organisms is not necessari- 
ly beneficial to the crop. Indeed if there is loo much organic, matter 
rich m, carbohydrates. The increase in micro-organisms as may make so 
iieavv it demand on plam nutrients such as nitrogen, as to compete with 
and .-even temporarily to strave the crop. At the same time miurotrial 
activity originating from organic matter is largely responsible for im- 
provement of soil structure. 

Soil erosion is another aspect which has been ascribed to the use of 
the offend mgs artificials. Some times ago Mary Brown published a * 
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letter in he Statesman in which she stressed that, the danger from the 
wide-spread use of artificials in India is very great and as result of 
thousands of years of cultivation, Imge areas could if fertility decline, 
become a ‘dust bowl’ that would make the TJ.S. Disaster pale into "in- 
significance. It should however be stated here that in the ‘dust howl"’' of 
America the average annual consumption of fertilisers just before', the 
war was less then 2 lbs. per acre of crop. Dr. Oowther has recently 
pointed out that the average consumption of fertilizers in .Kansas, Colo- 
rado, and Oklahoma, three of the worst States for soil erosion, was about 
1 cwl. of sulphate of ammonia, 15 cwt. of superphosphate, and less than 
iewt. of muriate of potasli per thousand acres. It will thus be seen 
that the inerikinatiug substances were far too small in amount to be 
responsible for such an enormous change. As a matter of fact, as Dr. 
Crowtlier observes’ the dust bowl was caused by too frequent ploughing 
'and not by too much fertiliser. The remedy will be found in more cover 
crops and leys and to establish these much more fertilizers will be needed. 
It may also be slated here that while erosion 1ms been due to neglecting 
the humus factors in soil maintenance, it is not due to fertilizer practice. 
Unfortunately to the anti-fertiliser school ibis considered sufficient to 
launch on attack on the use of fertiliser, the effect of which is that in 
the long run the interest of agriculture really suffers. If crops which 
are not soil protective are grown repeatedly, the soil is mercilessly ex- 
posed 1o erosive action. Fertilisers cannot be condemned if they are 
misused. In, fact the remedy in such eases of bad farming lies in giving 
the land proper rest, in initialing balance rotation and introducing suit- 
able agronomic praclices. It is well known that on account of large scale 
deforestation, bad water control, injudicious cultivation of slopes, over- 
grazing and other i mil-practices, erosion of land has increased have been 
to an alarming extent in many parts of India. Yet India is a A'cry arti- 
ficials have been least used ; and if the non-application of artificials is 
any criterion of better production the notoriously poor yield of India 
would not have been the dismar picture of this country. Yet this state 
of affairs is due to the fact that in the large majority of soils the nitrogen 
status is very low whereas in others, phosphate, calcium or and potash 
are deficient. If India’s production has to be stopped up we have to 
make uv> these deficiencies. Can they he done exclusively through orga- 
nics or it can he better done through a balance and judicious applicatiou 
°f both organics and inorganics in due regard to their respective reejuire- 

The main point therefore that we should bear in mind that we 
should neither over estimate me virtue of one or over-emphasis 
i iee of the other. Wo have to judge them in their proper perspective. 

o'- instance although organics have no doubt many virtues, there aye 
definitely some which are refractory in tile Sense* that they resist deebm 
position. These are, hair, hide scraping, hoii and horn monl, leather 
meal, wool waste feathers, shoddy and felt, scrap fur, silk waste etc 
Sneb materials have to be suitably treated ,bv mixing with phosphatic 
rock and treating the mixture with Sulphuric Acid in the same way. a 
Supcrpbospliate is made. By this means its nitrogen is converted part- 
ly into Ammonium Sulphate and partly organic compound that the 
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■readily transformable iu the soil and made assimiable to. plants. This 
-is how -innert- material can be converted whether from organic or inorganic 
sources into -forms -furnishing valuable plant food ; 3 et obviously • the 
method is nothing but chemical and artificial ; and if wo do not adopt 
it we will be guilty of encouraging avoidable waste. Should we do it t 
'"What we have to guard against is that there may not be any misuse 
•or -wrong use whether it is organic manure or artificial fertiliser. 

At this stage it will be interesting to invite attention to a very im- 
p»rtant aspect regarding the possible ultimate fate of organic method 
id tropical soils. The way in which the changes undergoing in the soil 
occur, has generally been studied more under temperate than under 
ti epical climate. This has led Dr. Keen during bis recent survey of 
Middle East Agriculture to make a very revealing suggestion. He 
points out that the decomposition of organic material in the soil is essen- 
tially a process of oxidation and in Middle East conditions, much of its 
conn.-nt of nitrogenous plant nutrients may be lost as gaseous products. 
He further states that unless some system of husbandry can be devised 
111 which the crops can utilize a good proportion of the nitrogenous 
material, the advocacj r of increased organic manuring as a means of in- 
creasing fertility is hardly justified. He states that indeed, a good case 
could be made out for the peasants’ custom so generally condemned of 
using dung for fuel. If so small a proportion of its nitrogenous value 
is obtained by plants, owing to the rapid oxidation and disappearance .In 
the soil, is it not better to use the heart of oxidation for domestic 
purj oses than to lose itr uselessly in the soil « And, as to the potash and 
-phosphorous value of the dung, these mineral ingredients will remain 
.<u tl;e ash, so the incorporation of this with Ihc soil will be as effective 
as applying the raw dung. 

h'enn’s further remarks in this connection is also very interesting. * 
He states poor fertility and erosion are generally attributed to lack of _ 
organic matter in the soil ; but this belief has been taken over from ex- 
perience in temperate climates . In the Middle East organic matter de- 
composes very rapidly in the soil, and the equilibrium content is very low 
There is, as yet, no proof that any marked augmentation of soil organic 
marier is either necessary or possible ; indeed, the bulk of the evidence 
so far available points in the other direction. In any case, the amounts' 
needed -would be far beyond what the indigenous system of agriculture 
could provide. 


Here it may also be pointed out that in a recent paper on Jho value 
or organic manures and inorganic fertilizers in tropica) f»^)° has 
dealt. °n the question from the available data with respect or Indian con- 
dilions. He cites evidence of Coimbatore soil in which cattle manure 
at rate of 10 tons per acre was applied for 20 years but the percentage 
Of organic carbon m it was 74 per cent as against <0,59 per cent in the 
J” 1 * *! so data of Pusa soils and as well as' of 

an l solIs a71 . d ^marks .that there is a considerable im- 
provement m the -status of nitrogen and carbon by the application ' of 

ve£v £ “7/^ - he -° Us of te ?"P erate and cool climates, whereas 
IS- SSL )r . ha ? dl >' : , an 3 r improvement is observed in this .direction. in 
opical regions under similar applications of organic mantirw. 
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Tli© suggestion© of Dr. Keen and observations of Dr. Das emphasizes the 
need of approaching the problem from a new angle. 

Here «ttention needs also to be invited to another relevant point viz., 
of compost. In the 1945 Session of the Crop and Soil "Wing meeting in 
New Delhi it was stressed under Manures and Fertilisers (subject No. 
2) that continued assistance from the Central Government is. necessary 
for conversion of town refuge into manure and manufacture of village 
pompost till the use of these manures become an established practice for 
stimulating their utilisation. Recently a Compost Conference was held 
which also received the blessing of Mahatmaji. 

At present a number of municipalities are manufacturing compost 
and attention is also being directed towards Sewage sludge as a manure. 
Dr. Ogg’s remarks in Ihis connection will therefore be very pertinent. 
He states that there has been much talk of compost and these are ex- 
cellent as far as they go, but on a clean well managed farm, run on ordi- 
nary lines, the amount which could be prepared from the weeds and 
crop residues would be. quite trival True, it would be possible to or- 
ganise the production of crops for composting but the land aud labour 
required for this would very greatly increase the cost of our food supply 
and reduce the area of land available for food crop. In India however 
compost is being prepared from plant refuse, town waste and like 
material. These raw materials by themselves do not involve any cost 
for their production, but their conversion into compost is no doubt a 
matter of cost. Then there is the question of transport, backiuess of 
the staff and variability in quality. It is *,not known if the cost has 
been worked out and how it compares. 

As regards sludge Dr. Ogg states that only limited amount of the 
plant food is recovered in the sludge, and a drawback to its widespread 
use is the cost of transport. Sludges vary a great deal in composition 
and even the best of those so far examined are inferior to good farmyard 
manure. 

Finally it. may be slaled as so apt put by Ogg that “every 
scientific agriculturist realised the value of organic manures and advo- 
cates their careful conservation and fullest possible use.” At the same 
time it is of greatest importance as has been pointed out by Stewart, 
neither to overstate the cose of organic manures nor to minimise the 
value of mineral supplements. The general evidence to date shows that 
both have their uses and that they should be regarded as complementary 
in their effects. Dr. Stewart lias also stated that it is sound policy to 
take every reasonable step to insure the return to the land of all organic 
waste materials likely to be of value as soil improvers aud it. is equally 
sound and necessary to make full provision for supplementing such 
materials with mineral and other fertilisers which can play a most im- 
portant past in the improvement of soil fertility Jurged behind these 
facts there is hardly any justification of the attack an fertilisers. These 
attacks originate from prejudice based more on belief than on observed 
fads : belief is however no substitute, for knowledge. Here a simple 
fact can he mentioned. Fertilisers can be profitably used in producing 
humus as for instance by phosphate manuring of legumes for green 
] CIGAR 
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manure. . It is also overlooked that when a component like nitrogen ii 
applied in the soil whether through oil cake, farmyard manure or Am- 
monium Sulphate it has ultimately to' take the same form before it is 
capable of assimi lation by the plant. In all these transformation takes 
place through the agency of mieroflora of soil. For instance in; a ldrge 
majority of cases nitrogen is assimilated in the form of nitrate. There 
arc various sets of organisms involved in it and each is responsible for 
bringing their respective stages of transformation ultimately leading to 
nitrification or nitratcformation. Judged behind this context organic 
manure will necessarily take a longer time in reaching the stage of! 
nitrification op which the others in. a more processed form will speedily 
do. As a matter of fact the most widely used manure viz., farmyard 
manure as a source of nitrogen is considerably slower in its action and 
less effective than equivalent amounts of nitrogen in readily available and 
concentrated form. On the other hand response to fertilisers in some 
toils may be enhanced if they are used to supplement basal dressings of 
bulky organic. manure whose response also' depends on the degree of it 3 
decomposition, moisture content and initial nitrogen status of the soil. 

Wo have to take into account that nitrogen is extremely widespread 
in India and can only be made good by such manures or fertilisers which 
will be in a concentrated form and whose transport cost will be least. 
Bulky organic manure cannot serve such purpose. What is therefore 
needed is that within the vicinity of the area where bulky organic or 
where transport charges are suitable, this type of manure should bo 
used. In other green manuring supplemented with some fertilizers like 
superphosphate will serve the purpose. In still other ammonium sul- 
phate has to be used. This is how we shall be able to bring a proper 
balance between soil fertility and crop production. 


SUBJECT NO. 1(b). 


Maintenance of Soil Fertility in India by M.L. Mehta, 

Soil Survey and Land Development , East Punjab, Eamal. 

In semi arid tracts like the Punjab the summer temperatures are 
very high. A very potent limiting factor, in crop production is the lac 
of humus m soil. The maximum temperature even during the winter 
m the Punjab is high enough to burn humus at the soil surface. Th* 
methods so far adopted to replenish the humus content of the soil are:-— 

1. - The addition of farm yard manure. 


2. Burying green manure with furrow turning ploughs. 

3. Leaf fall and decomposition of crop residues. 


In all these three methods the organic matter added to the soil 

rrithThP^pS °f ] 6SS nea ? th * 8ut 1 face - Bvei) ' green manures hurried 
with ^the hejp of furrow turning ploughs keep within first six inches of 

i nd ™ th 8ubae 2 uent P^ughings humus is' brought to the 
“ u , rface to. be - decomposed and destroyed Very readily. The' result has" 

WH *. farmyard manure ini gr^maW 
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have given active response in the form of. increased yields, the effect doe# 
not last more Ilian one or two crop seasons. 

in the year 1946 and 1947 experiments -were carried out in different 
parts of the ‘Punjab representing different soil conditions with varying 
rain-fall. In these experiments comparison was made in yields of wheat 
between the following treatments : — 

i. Green manure hurried one foot deep in the soil. 

ii. Green manure hurried .with the help of a furrow turning 

plough, the green stuff lying within six inched of the natural 
surface. 

iii. No treatment of control. 

The results at all these places were significant and showed that tho 
yield of wheat in plots where green manures was hurried at a depth of . 
one foot form the natural surface gave the highest yields. This was 
approximately 100 per cent, more than plots in which green manure 
was hurried with the help of furrow turning ploughs and 150 per cent, 
more than plots in which no green manure was added. An examination 
of the field after first wheat crop showed that the majority of the green 
manure was still in tact and was decomposing at an extremely slow rate. 
From this the indication is that the humus store m the soil where green 
manure is hurried at a depth of one foot from the natural surface iff 
more or less in exliaustahle atleast for another ten years or so. It ifl 
expected that the yields from these plots will continue to be high for 
several years. It will be realised therefore, that even though the pro- 
cess of burying green manure at a depth of one foot is tedious and ex- 
pensive for the Zamindar the gain - in the form of increased yields for a 
series of years is several times more than the cost incurred. 

The most suitable crop for green manure is Jjmtar (Sesbania Acu- 
Ieatn) also known as Dhiiiclia. This is a very quick growing plant. It 
belongs to the Lcguminosao family plants of which are known to iix ni- 
trogen firm the atmosphere into the soil. Previously the plant has been 
used for providing temporary hedges in newly built houses. Its use as 
green manure is only recent and the important part it plays in increased 
food production is worthy of notice. 

Seed is sown broadcast, nt the rate of 60 lbs. per acre. Tho only, 
preparatory tillage required is one ploughing with a country plough. 
Jantar can stand a certain amount of salt and fairly high degree of 
alkalinity in the soil. The seed germinates within a week and when the 
plants are three or four inches high first watering should he given, 
subsequent waterings can he ns few as can be spared or as frequent as 
desired. Jantar can stand drought and heavy Waterings. "When the 
plants have ntlained the height of 4£ feet, a cutting should be taken and 
cut. plants utilised for green manuring in an adjoining field. If reason- 
able acre is taken of the e”op after its first cutting, it becomes possible 
to take a second cutting afler another 6 to 8 weeks. This second 
cutting can ho utilised for green manuring n second adjoining plot. After 
cutting the crop is left, to manuring and form seed. When the crop is 
matured, it gives a yield of approximately 8 mnunds per acre of Jantai 
grain and about 200 maunds of Jantar sticks. 



Jantar sticks arc soaked in water for a few days and the fibre from 
the stick is peeled off. ’ n us fibre is used £or racking topes. 

The residual sticks are used either in making ebhappavs or as fuel. 
At Chaklcanwali Reclamation Farm it was noticed that after the har- 
vesting of Jantar considei*able quantities of cowdung arc releacd by 
tenants to be added to the manure heap. 

From the experiments enrried out both in the laboratory and the field, 
it has been noticed that during the disintegration of Jantar stalks and 
leaves when used as green manure, considerable quantities of gases are 
evolved. Of these carbon dixoidc is one. This helps in reducing soil 
alkalinity and soil toxicity. Under certain conditions evidence of genera- 
tion of sulphuretted hydrogen is obtained. Sulphuretted hydrogen is a 
Strong agent, for developing an acid medium which again is helpful in 
bringing the alkaline soil to more congenial conditions for plant growth. 
In terms of money, cultivation of Jantar can be depicted in the following 
manner : — 
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j Two hundred mmnds of green crop 


In tho Tlml it finds n ready sale 

! n nrv firnt cutting to be uard ns green 


for goat*> and sheep to graze. 

| manure 
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It has been possible to roll 
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Two hundred nnunds of green crop ns 


preen crop nt Its. Co/- per acre 


per cutting. 

second cutting to lie us"d ns green 


manuro 
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Jnntt-r .sewl is nt present in great 

Eight rnnuuds of Jantar s^d at 


firm find. 

Rs. 10;- por maurnl 

80 


Fifteen mau (ids of Jnntnrfibr' nt s.ay 


Jantar fibre makes very good 

Rb. 10/- per mnund 
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ropes which find n ready salo 
in the market. 

Two hundred mnui'cls fuel nt any 



annas 4 n maund in the village 

f»0 


Total value of nn acre of Jantar crop 

330 



ITEM NO. 1-b. 

Effect of manuring on nutritive quality of crops. 

(Note by S. V. Desni and W.V.B. Sundnra Rao) 

* . The end products of plant metabolism which nourish and sustain 
the animal and human body ore controlled by soil conditions and the 
syptem of manuring. The poor conditions of the work animals and the 
low yield of canes in Bihar, Orissa and Malabar are reflections of phos- 
phate deficiency in these soils. Ramiah (1932 Ind. J. Vet. Res.) finds 
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that pastures of spear grass (Andropogen contortus) at Hosur have - a 
shortage of calcium and phosphoric aejd, and that a mineral supplement 
of lime and bonemeal to the rations of cows and calves was distinctly 
beneficial. The influence of manuring on the nutritive value of crop . 
received attention at Coimbatore, Coonoor and elsewhere and the work 
done on this subject has opened out vast possibilities. The vegetation and 
animal nutrition experiments cai’ried out by Vishwanath and Surayana- 
ryana (1927-Mem. Dept. Agric. Chem. Ser, 9 : 85 Indian) and Me Cawson 
(3926-Ind. J. Aled. Res. 34 : 351) show that certain millets 

wheat, and rice grown with cattle manure possessed better nutritive value 
. than crops grown with- chemical fertilisers or with no manure and that 
terop grown with chemical fertilisers was superior to crop grown on an- 
manured soil. The newer knowledge of plant nutrition shows that 
quality and quantity can be combined by rational manuring and em- 
phasizes the importance of organic manures in crop nutrition, especially 
to Indian soils which are notoriously poor in organic matters. 


2. While soil is one of the primary factors in determining the com- 
position of the plant growing 'thereon, other factors e.g., climate, the 
maturity of plants, the number of cuttings and ’the variety are also im- 
portant. It has been shown that fertilisers can effect very materially the 
composition of the plant and when it is eeconomical, fertilising the plant 
is probably that best means of correcting a mineral deficiency in animals 
If this is not done mineral supplements must be fed to the animals. 

3. It has been shown that plants produced on soils having a deficiency 
of one or more nutrients are of lower biological .value to -animals than are 
those where these elements are not lacking (Albrecht and Smith 1942 — 
Soil Sei. Soc, Amer. Proc. 6 : 252). Digestion trials have shown that the 
feed efficiencies and utilisation of minerals vary widely for forage pro- 
duced on different soils (William et. al. J. Nutr. 1940 : 19 1 : 251 : 20.391). 
Data showing the effect of soil treatments on the vitamin content of crops 
are none too consistent. It is probable that methods and techniques in 
making analyses are not yet sufficiently standardised for reproducible 
results in the hands of different analysis. However many of the data 
indicate that where crops are grown on soils containing a well balanced 
supply of plants untrients or where conditions are optimum for plant 
growth, the vitamin content will be amply high. The excessive use of 
single element fertilisers or of unbalanced fertilisers on crops, may result 
in plants of low biological value as those produced with a deficiency of 
the same element. Smith and Albrecht (1943-Soi. Sci. Soc'. Amer. Proc. '5 
•107) -presented -data and demonstrated that forage and green from the 
same soil given different treatments have varied. widely in their capacities 
to produce animal gains. 

.4. Wh.en.~£he ’ chemical composition of the - feeds . was changed by the 
different soil treatments, the ainmal response was not correlated closely 
enough to warrant the acceptance of the chemical analyses as an index of 
nutritive value. There is a strong suggestions .that differences in feeds 
are brought about by soil treatments other than those commonly measured 
by standard methods of feed analyses. Only through assays with animals 
can these differences be determined. , 
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5. On a soil low. in lime and phosphorus, addition ofl phosphorus along 
increased' the, efficiency of forage when fed to lambs. When limestone was 
added in addition to' phosphate, the nutritive values of hays were turtliei 
improved. 

6. The addition of any plant nutrient to a soil, without regard to 
the ammount applied, as related to the kind and supply of nutrients in the 
soil may not always give feed of improved nutritive value. Evidence n 
presented by Smith and Albrecht (1943 — Soil Sci., Amer. proe. 7) where 
the addition of fertiliser and lime brought about an unbalanced nutrient 
condition in the soil which actually resulted in crops of lower efficiency, 
than where no nutrient additions were made. 

7. Investigations conducted at' the Imperial Agricultural Research 
Institute, New Delhi (Scientific Reports of the Institute for the yeans 
1941-42 and 42-43) showed that albino rats had better growth when fed 

on wheat raised at Pusa with organic manures than those fed on wheat 
from the plot receiving mineral manure. Studies at the same institute 
Scientific Reports of I.A.R.I. 194445) showed that berseem crop grown on 
Delhi soil after manuring with super-pliosphate only, stimulated the 
growth of rabbits to the greatest extent and the crop raised with sulphate 
of ammonia plus superphosphate plus sulphate of potash (N-P-K) was 
not so greatly stimulating but it was better than the unmanured wop. 
The crop manured with phosphate alone proved better than the crop 
manured with the N-P-IC, probably because of the higher percentage of 
P 2 Os in the form than in the latter. 

3. Ihe functions of the different nutrients in plant metabolism are 
not well known where deficiencies exist, it is possible that some organic 
compounds highly essential to animal growth might not he synthesised 
within the plant and thus result in the feed of the lower nutritive .value 1 
Since all results indicate that feeds produced under well balanced fertility 
conditions are usually most effectively utilised by animals, it is not un- 
reasonable to believe that excess of some element also prevents the syn- 
thesis of these compounds essential for animal growth or that it might) 
bausc compounds to be formed that would be injurious. 

9. All these results point to the necessity of knowing the fertility pro- 
perties of the Individuals soils. If nutritious feeds are to be produced for 
animal and human consumption, then, the soil on which they arc grown, 
must contain not. only all the proper "elements for plant growth but. these 
must be presented by the soil in the proper ratios also. It is only through 
proper and intelligent management that farm acres can be made to pro- 
duce high yields of quality products. On soils of low productive capacity 
the soil treatment can be expected to give benefits in addition to those of 
merely increasing tonnage .yields. The full values of these treatments 
however, cannot be measured as yet without the use of animal assay. 
It is suggested that wherever possible mammal studies should be supple- 
mented by animal assay studies to valuate the effect of manuring on the 
quality and quantities of crop. 
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APPENDIX— IT. 

Notes read at the meeting on subject No. 2. 
By.- 

I. Dr. Sham Singh. 

■ 2. Mr. M. Pradyumna Singh. 

3. Mr. K. C. Naik. 

4. Mr. Ram Surat Singh. 

5. S. Bal Singh Bajwa. 
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SUBJECT NO. 2. 

The Importance of Rootstock to the Standardisation of Fruit Tree 

Material. 

By 

Dr, Sham Singh B.Sc. (Agr), Ph.D. (Bristol), Assistant Fruit Develop- 
ment Adviser to the Government of India. 

Introduction. 

Fruit trees are almost invariably built up from two distinct parts : 
the sub-aerial portion, or rootstock being chosen primarily for its relative 
capacity to grow, and the aerial portion, or scion, with particular regard 
to the variety and quality of the fruit required. 

The rootstocks may have one of the two widely different origins. They 
may be produced from seeds which are genetically miscellaneous in 
character or from layers or suckers which, of course, are rooted stems. 
The former may be called ‘miscellaneous seedlings’ and the latter ‘vege- 
tatively propagated rootstocks.’ All the rootstocks of one variety when 
raised by the latter method are of uniform genetic constitution while those 
raised from seed must necessarily very in genetic built-up except in the 
case of polybryonia species. 

A vegetatively raised rootstock is a rooted stem and, in practice the 
scion variety is always placed on to the stem portion of the rootstock 'thus 
leaving a greater or less length of the stock stem between the scion proper 
and the absorbing root system. When propagating on to seedlings, how- 
ever, two methods may- be employed. The one most commonly adopted 

“ *£"*1 t . he " clon vanet y on the stem of th e stock by the same 
method and m the same way as that adopted with the vegetatively raised 
rootstocks. . This method, therefore, also leaves a piece of stoek stem bet- 
ween the scion proper and the absorbing root system but in this case the 
are of . Pinsons frenetic sondiUon and oriftin Star 

"bmet M i'IS a ehlefl7 in *“• ° £ npple is that known ns 

root nL m which the scion variety is placed directly on to the 

root part of the seedling rootstock. By this method, therefore there is' 

Need for standardized material. 

more particularly in ES Z tbe demnd b 7 Research Station 
fundamental material’ for use in 
fruit quality, etc. e t<f %his ? prunins ’ manuring, 

recent advances in statisticaf mS^ o ln * ensified ? f la te by the 
vestigations involving the use of fruit «, e faCt tbat aI1 de * d in * 
able often limits the number o/trees^o tZ am ? u ? lt of S^und avail- 
order to obtain reliable result# to barc necessary iu 
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The use I'cgetativcly raised rootstocks. 

(a) Effect of -rootstock on scion . — In order, therefore, to satisfy the 
demand of the Research workers for standardized material, colonal vegeta- 
tively raised rootstocks were made the subject of intensive study and re- 
search hv tlie Research Station at East Mailing. This was naturally 
based upon the a priori assumption that miscellaneous seedlings, being 
different in their genetic built up will, of necessity induce differences in 
growth rate and cropping etc. of the scions worked on them. This work 
has now been in progress since 1912; llatton and his fellow worker 
having published their results from time to time as imformation becam 
available (1,6,7,8,9,10,11,11,15,23,24). The general conclusions deriveo 
from the above investigations carried over a period of over 10 years may 
be briefly summarized in the words of Hatton and his eollegues to tb 
effect that ‘A scion variety budded upon distinct varieties of vegetative 
ly raised rootstocks behaves very differently bolli in vigour and produc- 
tivity ’. 

The rootstock work at East Mailing has tended naturally to foes 
attention more particular^ upon the influence which the different root 
stocks may have upon the growth and productivity of the scion variety. 
In fact, this has been the main line of investigation both at East Mailing 
and at other centres where rootstock investigations have been started as 
a result of the work at East Mailing. It is established, therefore, that 
in certain conditions, a rootstock may profoundly modify growth and 
cropping of the scion but the. degree of this influence may vary in differ- 
ent climatic and soil conditions. 

(b) Effect of scion on rootstock .— More recently, however, attention 
has been called to the influence which the scion variety may have upon the 
growlli and morphology of the rootstock. Swarbrick and Roberts (18) 
in particular, directed attention to this aspect of the problem and they 
have shown quite clearly that in certain conditions a scion variety may 
so completely dominate the growth of a rootstock subsequent to the time 
of union as to impress upon it a predictable morphology or ‘character* 
This effect may he shown in the amount of root, its direction, the colour 
of the roots and their general appearance. Hatton and his fellow workers 
(10) at East Mailing had previously noted an effect of scion upon root- 
stocks but have regarded this as of much less importance than the effect 
of rootstock on the sc.ion. In any case these workers have concluded from 
their investigations in stem-worked trees that the effect of a scion upon 
the rootstock is purely quantitative in character and that ‘stock types re- 
tained their chnraet eristic branching regardless °f the scion variety upon 
them’ (1.11,24). i 

The contradiction between the above two groups of investigators m 
more apparent than real and is almost certainly due to differences in 
method and material employed. Hatton and his associates used almost 
exclusively the vogetatively used rootstocks — which are in fact rooted 
stems — and scion varieties that are not outstanding in their effect upon 
root diaTneter. Swarbrick and Roberts (18) on the other band, need 
one year old seedling root nieces and scion varieties which by commotl 
consent and experience are shown to exhibit this influence in a nmrkco 
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degree. The work of Swarbrick and Roberts has clearly established the 
importance of the effect of scion upon rootstock notwithstanding the pub- 
lished work of Hatton mentioned above (1,11,24). 

Instances of scion influence on rootstock in case of citrus trees have 
also been reported by different workers. Hass and Jlalma (5) found that 
the Magn esium and Calcium contents found in the bark of the rootstock 
vary according to the scion variety worked on it. Halma (4) found that 
lemon grafted on the sour orange effected a change in the inherent form 
of the root system of the latter, Hodgson of al, (13) demonstrated that 
scion stock influences are reciprocal in nature, the scion either invigorat- 
ing or dwarfing the root stock development, while Tanaka (21) and Brown 
(3) have both demonstrated that root development in respect of habit of 
growth, colour and vigour varies according to the scion variety used. 

The scion [stock Relationship. 

The available evidence points to the fact that the performance of a 
budded or grafted plant is an expression of the reciprocal effect of the 
two symbients. On this basis rootstocks have been designated as vigo- 
rous or dwarf etc. but since the vigour of different scion varieties and 
species on one of the same rootstock is known to be different (8,16) the 
terms vigorous and dwarf must be regarded as purely relative. Not only 
this, the recent findings of various workers (2,16,17,20) show that a scion 
variety has apparently an inherent growth capacity which it normally 
exhibits, a capacity which may be dwarfed very considerably but appa- 
rently may not be increased beyond a very small amount. This conclu- 
sion leads directly to the suggestion that in all cases, where rootstock in- 
fluence is a limiting factor to tree size, it is of a dwarfing character. 
Roberts (16) goes even as far as to suggest a classification of rootstocks 
on this basis. According to him the so-called vigorous Tootstock of 
Hatton (12) are really neutral since they do not in any way limit the 
free development of the scion. Dwarfing rootstocks, on the other hand, 
are dominant since they do not allow the scion to develop in its natural 
capacity. 

The use of miscellaneous seedling rootstocks'. 

The incidence of variability in orchard material and the possibility 
that the use of seedling rootstocks tends to increase this variability on the 
erne hand, while on the other use of clonal rootstocks reduces it, is a sub- 
jects of considerable importance in horticultural practice and theory, and 
the cause of not a little difference of opinion. At any rate, it is gene- 
rally accepted that the use of miscellaneous seedlings as* rootstocks will re- 
sult in variable tree growth and performance. There is also a very strong 
tendency when discussing variability of material to undcr-estimate factors 
other than rootstock and certainly notwithstanding many references in 
literature (19). 


In a recent publication Swarbrick ct al (20) have shown beyond 
doubt that there is no essential difference in the variability of materia 
between the trees worked on to miscellaneous seedlings and those on* some 
clomjl vegetativeiy raised rootstocks. The variability was so small that 
the differences due to rootstocks were neglible. The evidence presented 



effectively disposes oii tlie argument that -the use of miscellaneous seedling 
rootstock is certain to lead to more variability than the, use of clonal root- 
stocks, in so' far as three size is concerned, and over the initial period of 
four years after planning. It is clear, therefore, that the use of miscella- 
neous seedlings will nol always prejudice an experimental results. 
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SUBJECT NO. 2. 

41 T1IE IMPORTANCE OP ROOT STOCKS IN TIIE STANDARDIZA- 
TION OF FRUIT TREE MATERIAL" 

Note by 

M. M. Pradyutnna Singh, M.Sc., ( Iiorti : Horticulturist, Central Pro- 
vinces and Be far, Nagpur). 

Before embarking upon the main discussion, we must first of all know 
wlmt if meant by rootstock and why it is necessary to use it at all in 
fruit trees. One of the methods of propagation of fruit trees is known as 
g’afiage which includes various forms of budding and grafting. In either 
ease a part of stem of one plant known as the scion is joined through man’s 
intervention, to a rooted plant known ns the root-stock. The combination 
of ».hc stock and scion is called a scion and the effect of the one on the 
other is referred to as scianic effect. The use of rootstocks to permit rapid 
multiplication of fruit tree types possessing desirable characteristics dates 
back from very early times and in all probability the first stocks used were 
mostly seedlings of the same species as the scion variety. But it has also 
been Jong realised tbnt by utilising stocks of different species the habits 
of growth and fruiting of scion varieties may be modified and altered in 
various advantageous ways. Thus for centuries the Quince has been used 
in Europe as n dwarfing stock for pears to encourage precocious fruiting 
am! to ndapt the pear trees to garden culture. While for apples the vege- 
tative propagation of dwarf clones such os paradise has been developed for 
the same purpose. In comparatively recent times the expansion of fruit 
industry into many new regions of widely differing soil and climatic con- 
dil ‘oils and the requirements of the modern markets have led to a largo 
increase in the number of fruit varieties grown. Many old varieties have 
disappeared been discorded or superseded by new ones in order that the 
nerds of each particular locality may be as adequately served ns possible. 
Similarly new root-stocks have been required not only for such purposes 
n,s dwarfing but for the adaptation of these new varieties to such factors 
as winter cold, drought, soils, alkali and resistance to discaese and pests. 
The classic example in favour of the use of root-stocks is the one of Eu- 
ropean grape which was on the verge of being wiped out by an insect called 
Phylloxera which reached Europe along with American grapes. Only by 
grafting European grapes on American stocks which were immune to the 
attack was the European grape industry saved. 

It is thus apparent that the artificial union of scion with stock is 
invariably advantageous despite the knowledge that no single root-stock 
is compatible with all scion varieties nnd that there are many cases where 
the results range from partial success to utter failure. However we are 
not bore concerned with the possible causes of incompatibility or tbc 
discordant association between a spices or variety used ns a stock and 
another specie or variety used ns a scion. 

Our aim here is to discuss the pros nnd cons of the important, rolo 
or otherwise which the rootstock in general play in the standardisation 
of fruit tree material. The question tlio’refore naturally arises as to 
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wliy this standardization of fruit tree nfaterial has became necessary. 
To answer this we -will have to fall back upon the peculiar demands of 
the modern .statistician who lias in the light of rapid advancement which 
the modern methods of experimentations have made, pointed out that 
until the research worker materially reduces to the minimum the total 
amount of variation which is made up of three parts viz. (1) Variation 
due to treatment, (2) Variation inherent in material, and (3) varia- 
tion due to differences in position, he cannot and will not be able to 
bring out those finer effects of various treatments on his experimental 
trees which he thinks lie shall. 


This warning note have strongly appealed to the horticultural worker 
especially when he reviews with dismay the meagre accomplishments of 
•the past generation. lie has realised that something is really a miss not 
■only with the methods of field experiments used in horticulture, hut 
also with the materia] available for experiments. We will now proceed 
to review briefly some of the previous work ; the causes of failures of 
earlier experiments ; how the material lias been improved and stand- 
ardised m recent years and lastly whether or not employment of this 
material has been an adequate means to the end in view'. 


Brief Iteview of Previous Work : — 

* n t ^ le U*S.A. for example after 30 years of manurial trials at 28 
different experimental stations it was realised that the results obtained 
were extremely small in proportion to the time, energy and expense in 

^ p4?onslv STJTfilT?? thlrt <h ' fleld «P'™ent methods 
as previous!} used were not likely to lead to acquisition of much know- 

fhl? € th £ the n . utritlona ! Problems of fruit trees. Earlier workers found 
that the experiments with fruit trees “exhibit errors from Sources which 

mooted plots yo, is po, certain that the difference \Z ^e .o treat 


fsauses of Failure : — 

sdw SSviSj ““ 

had to deal. ° 'amble material with which the earlier workers 

fruit ^ tree em reproduced “, a fact ' that Practically no 

stands to reason that n-ith !? m "™ ,n «* *ee®ngs. Thns it 

exceedingly rare in horticalinre P 5owe4r”“ here^S’oSfS 
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used, the variation is so great that such material is but of little value 
for any but the crudest ol! experiences which are at best a labourious and 
uncertain undertaking. 

(b) The 11 rfc of Clonal Varieties Carelessly Raised. — Use of seed- 
ling being deprecated, the horticultural worker started raising and mul- 
tiplying plants from root and stem cuttings, layering etc. ; from a desir- 
able mother plant,, thus bringing uniformity in the off-springs. Even 
in such matrial variation were found. These were in many cases due 
to presence of “rogues" which went unde.lcetcd or because the mother 
plant happened to be diseased, and thus transmitted the same to its 
progency. 

(c) The use of Clonal Varieties Budded or drafted on to SeedWnd 
Mode . — There was a time when buds wene promiscouely selected from 
anj’ part of a tree or trees and budded on to seedling stocks no matter how 
variable. Swingle however enfled a - halt to the promiscous selection of 
buds especially in citrus and proved through many instances the value 
of bud selection not, only from high yielding and quality trees but from' 
individual branches of a tree in order to avoid bud selection from in- 
fer ior limbs which not in-frequently appeared as bud mutations. While 
on the whole there is comparatively little evidence of inherent, variations 
due to bud imitations in the scions which are the vegetntivo progency 
of clonal varieties, seedling rootstocks have been blamed as one of the chief 
causes of the enormous variation with which the worker of the past genera- 
tion had to contend. Although numerous examples of variation caused 
by seedling rootstock arc known there are few cases where direct, com- 
parison between trees on seedlings and those on standardised rootstocks 
have been made. Such Pomo’ogists ns Sax and Gowcn, Hedrick and 
Anthony, Dorsey and Ivnowlton, and Anthony ami Waring all agree that 
seedling rootstocks are the cause of much of the variation in the apple 
orchnrds. The same state of affairs existed in the poor, Cherry, and' 
Plum orchards, complicated by the fact, that some seedlings displayed' 
incompatibility with certain varieties.. Webber also notes the probabili- 
ty of seedling rootstocks being responsible for high variation in citrus 
groves. 


Improvement in Material. 

It is thus quite clear llmt. drastic measures were necessary if horti- 
cultural field experiments were to he of any practical value. The firs* 
improvement which has been affected has been in the material. Some 
workers have endeavoured to remove and potential source of variation ‘in 
seed! ing root-stock altogether by propagating trees by vegetative means on 
their own roots but with many fruits this has been found to bo of 
doubtful practicability, if indeed desirable. The standardization' of root- 
stocks seemed, therefore, the most practical way in which to obtain greater 
uniformity. Hatton has shown not only how to raise such material hut 
also Ihe superiority of vegetatively raise root-stocks over seedlings which 
has enabled the reduction of the co-efficient of variation from as many 
ns GO per cent, to 70 pur cent; In, fertilizer trials, whore standardized 
stocks have been employed, it is seen that the responses to manuring' of 
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a set of trees on one rootstock are quite different from whose of trees 
on another rootstock. This will not be the case if root-stocks were un- 
rcnown and might lead to contradictory result as has been the case with 
most experiments. In apples for instance Hatton has been able to 
reduce the co-efficient of variability for most characters to the neighbour- 
flood of 25 per cent, and he is hopeful that further reduction is possible if 
soil variations could be eliminated and the supply of clonal root-stock can 
be increased. , 

Difficulties in Standardization. 


Although the importance of standardization of both stock and scion 
has been felt on all hands it is not possible of achievement in all cases. 
There are certain difficulties due to the occurence of the following groups 
pf plants: — * 

1. There are certain tropical and sub-tropieal fruits which are usu- 
ally self-fertilised and are therefore naturally homozygous but this group 
is unfortunately the smallest and includes only one important crop the 
Arabian Coffee in which there still seems to be a difference in opinion 
as regards the amount of actual crosspollination talcing place although 
the crops are reported to be even. 


2. Those which ar.e cross-fertilized and therefore heterozygous . — In 
this group are such fruits as citrus which can be propagated by budding 
and there are others like Bananas, Pineapples, and dates which are usu- 
ally propagated from slips and suckers. As regards Citrus, definite 
varieties are known but the problem of seedling root-stocks lias yet to be 
solved. One way out of this difficulty is the utilization of the pheno- 
menon of petty embrony. It is possible to raise vegetative families from 
the seed provided the sexual embryos can be recognised and removed 
soon after germination. So far the efforts of the workers have not been 
crowned with success. "Webber thinks that the sexual embryos are smal- 
lest and the weakest of the lot and these are present in small num- 
bers in nearly every, lot of citrus seedlings. Mauri on the other hand 
reports that in Poncirus trifoliata and Bigardia the sexual embryo is 
visibly the strongest and by eliminating the same a line of clonal root- 
stock plants can be obtained. Despite this contradiction the fact that 
such variants although invariably present, form but a small percentage 
of the total, makes it possible to select a lot of uniform seedlings through 
the elimination of every week and extra vigorous ones. 

Some Trials with Standardized Stocks .— The note will not be com 
plote without taking into consideration the opinions of other workers 
who have experimented with the standardized root-stoclc. 

. Kemmer E. states that few data available suggest that the variation 
in c onally raised stock are sometimes as great as seedlings 


Mo coo ^• an ^ Shaw J.K. tried the mailing clonal slock in 

SS h S' te3 t0 * the conclusi ° n on the basis of variability 

1 - ver7 t . beneflt can be expected from the use of dona; 
Stfons treGS ^ estaWlsIung and maintaining uniformity under those con 
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Spink's G-.T. compared tlie performance of apple trees on mixed 
seedlings of unknown origin with trees on clonal stocks and drew fol- 
lowing conclusion: — 

a. .That size of trees upto five years of age in nursery does not 

appear to he significantly more variable on mixed seedling or 
on seedlings of four sepevatc varieties than on clonal stocks. 

b. That grading of cither seedling or clonal stock before planting 

in the nursery has not resulted in greater uniformity of the 
trees. 

c. That trees in orchards six years old or less after transplanting 

were found 1o be equally voidable on clone stock and on 
single variety seedling stock. 

d. That where mixed seedling stocks were transplanted entirely 

without selection variability was found to be greater. 

Brnsc K.D. and Tukey II. B. state that the original nursery size of 
seedling root-stock play little part if any, in he growth of trees budded 
upon them nor it is considered that the genetic constitution of root-srock 
were responsible for growth made by trees. R el ranspl anting to a fresh 
site after the trees had been established in an orchard resulted in ap. 
equalization of growth in large and smaller trees and in masking of any 
possible inherent vigour of robt-stocks. 

Bligli T\. D. reports that trials with East Mailing clonal root-stock 
in Novasootai neither contradict the view that it is possible to ensure a 
definite measure of vigour, size and fruitfulness by the use of clones nor 
do they prove that the rootstocks are superior to certain locally selected 
root-stocks. 

According to flpshnll W. IT. variability of apple trees at least in 
the early years can not lie materially reduced by the use of clonal root- 
stocks and Hint soil conditions physical and chemical is a more potent 
factor in creating variability than stocks. So far the trees on clonal 
stocks have been less variable in fruit production but no less variable 
in vegetative growth than trees on seedlings. 

In conclusion although it is clear from the above instances that the 
use of clon.nl root-stocks hove not given uniformly outstanding results 
in many places, perhaps due to soil heterogeneity and at times have 
been superseded by seedling stocks nevertheless, in view of the growing 
appreciation that, both stock and scion should he standardized for the im- 
provement of various fruits gives a definite hope for the future. It has 
been noted that standardization ns such is a slow process and requires 
considerable skill and patience. Also in cases where vegetative propa- 
eafion is not possible, the process becomes nil the more complicated and 
uncertain. 

Till such time as variation due to treatment, variation inherent in 
material and variation due to differences in position has not been reduced 
materially, eontrndietorv results and disappointment stares the research 
worker iti the fnee. There seems to he only two solutions of the problem, 
C»\ To slop nil experiments and concentrate on the task of standardi- 
zation, alone. and (T>) To maintain individual tree records where the 
material is extrenmlv variable for a number of venrs and then begin 
differential treat menfs whatever they may be. on the basis of records of 
individual tree performance stretched over a number of years. 

L10ICAH . 
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Subject 2. 


FRUITS. 

Item 1. — Experience as well as tlie experimental findings prove 
that in most fruits tlio commercial importance of a variety is limited to a 
nanw range of environs. Innumerable failures on tlie /part of fruit 
producers can be directly traceable to an inadequate appreciation of the' 
aforesaid fact. As an instance, the famous Langra mango !of U. P., Bihar 
and Bengal has failed to produce any crop of fruits in numerous orchards 
planted io it witlu'n the Province of Madras. Similarv. scores of varieties 
introduced from other parts of India have proved to be partial pr total 
- disappointment to the South Indian fruit producers, so that the importance 
of selecting the best variety from among those already .cultivated within 
the region, for raising future commercial plantation's, becomes estab- 
lished. This fact does not necessarily belittle -the value .of introductions 
and trials in experimental plantations, hut it does prove that- .large scale 
introductions of plants of different varieties from distant centres !may 
.mean but a risky undertaking. 

2. From the above stated facts it follows that the work of crop im- 
provement through breeding should he confined primarily to varieties 
of tested commercial importance within each region. Unless the per- 
formance of tlie varieties arc tested adequately in a region, it may he 
futile 1o select that variety in any breeding project, for it may not even 
produce any blossom. In other words with a perennial erop like the 
, fruit, which as shown to respond markedly to varying conditions of 
environment, breeding projects undertaken at one centre miay largely 
he valueless to a country of the size of India, with all its diversities 
of environments. 

S. In the case of the mango there are also certain other regional pe- 
culiarities which are pertinent to the point at issue. For instance unlike 
in other parts of India, there are certain areas within the Province of Mad- 
ras where sizeable crops of mangoes are produced in off-seasons alimost 
regularly. Furthermore, this Province is also in a position! ,io place in 
the Indian market the earliest crop of mango fruits in any year. The 
exploitation of such early and off-season hearing tendencies is undoubtedly 
a matter of great economic importance. Unless tlie breeding projects are 
conceived in n manner to enable the accentuation of the above stated spe- 
cial tendencies by providing for the breeding work to he conducted .amidst 
the peculiar environments in the Province, the results cannot he all .that 
should he expected. 

4. Parsing If' the nox+ important commercial frail of India namely the 
•banana, here too the need will he manifest for breeding in varieties for 
the varied conditions of soil and climate, under which the crop is being ex- 
tensively cultivated at present. The requirements of a rninfed Sirumalai 
chanana of the Lower Palnis cannot but he distinctly different from those 
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of the intensively cultivated Poo van of the plains. Even so, the conditions 
of commercial cultivation of Ncudrans on the lateritic hill slopes of- the 
West Coast are bound to be not on all fours with those of the Chakkai'akeli 
.grown in the rich alluvial delta soils of the Cirears. Tlie breeding of 
varieties with special, characteristics to suit every important soil and cli- 
mate as arc devoted to the fruit at present, may therefore be deemed to 
bo; of vital; importance. 

5. Instances can be multiplied to strengthen the aforesaid arguments. 
Particularly with citrus fruits and' grapes, I ho peculiarities of soils and' 
climates in relation to the production, of these fruits arc so strikingly differ- 
ent from those in most parts of the country that it is difficult to expect 
any material benefit from a breeding project located or pursued in centres 
outside the Province. If the policy of extensions and improvement of the 
fruit industry is to be based as it should be, on the principle that the' 
optimum zones should be earmarked for sucli expansion and improvement 
and that tlie most economic and profitable varieties should alone be planted 
in commercial grovers, there that cannot be any other conclusion except 
that the crop 'improvement in fruits through breeding must essentially 
be dwne through the conduct of work in the most appropriate areas for 
tlie fruit. 

G. On these ground and in view of the fact that the Madras Province 
churns at present the largest production in tropical and sub-tropieal fruits 
and that several of these fruits are being grown under a diversity of soil 
and- environmental conditions, it, is suggested that in any breeding schemes 
of the future for fruits, the need for taking into account the importance 
and peculiarities of South Indian fruit industry, should be recognized. 

Item 2 (a). — The question of standardization of rootstocks is of 
little or no significance to most of the commercial fruits of this country. 
Among the lending fruits of the country, the root stuck problem does not 
at all apply to the banana, while with the mango the question of standardi- 
zation of rootstocks is yet one of largely academic value. This fruit is 
almost entirely raised in India on a miscellaneous basis as the inono- 
cmbryonic seedling stock. Vegetative propagation of mangoes for use as 
rootstocks has been attempted in Iho past, but with results that are so dis- 
appointing that any further trials seem fruitless at least in the 'present 
stage of our knowledge. The only possible source, of vegetativcly propa- 
gated material for use as rootstocks therefore is the polycmbryonic mango, 
which is at present found on any extent only in the West (’oast of Madras 
Presidency. In this group of polycmbryonic mangoes, there little to 
ho done by way of standardization, since the micellar seedlings arising 
from the seeds have already boon found to resemble the parents and are 
characterized hv a homogeneity or uniformity rarely met with even in 
material raised by layering, cutting or such clones. More than the stand- 
ardization therefore, Iho immediate question in tlie ease of such mangoes 
is to test, the rootstock potentialities of each of our polycmbryonic varie- 
ties. Rootstock trials are therefore the real need at present with this, 
fruit. Tf tin* banana and mangoes are thus left out and if in addition to 
these, the commercially seed-propagated fruits like the cashew, annonas, 
etc,, and those that arc exclusively raised by cuttings such as the graptf 
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and pomegranates as well those raised by suckers, runners or slips as the 
pineapple, strawberry, etc., arc eliminated, we shall have practically only 
certain insignificant areas left over to be benefited by the work of standard- 
ization of rootstocks. 

2. Examined against the background of the Indian lruit industry as 
a whole, it would therefore, appear that the standardization of rootstocks 
is a relatively unimportant problem, and can well he considered alter the 
more pressing lines of work of manifestly greater importance to the 
country’s fruit industry arc tackled. .Rootstock standardization has been 
of vital importance to citrus industries and deciduous fruit growing in- 
dustries like those of apple, pear and plum, ami already very groat ad- 
vances have been made in the directions such that- standardized clonal 
material or reputed and clearly designated varieties or strains of poly- 
embryonic nature are now available to the producers all over the world. 
As a matter of fact the standardized Mailing and Merton clonal materials 
as rootstocks for apples haVe already been introduced and arc under 
trial in this country in several places, while the rootstock employed for citrus 
in this country are also those which have been worked upon in many 
other parts of the world and are also known to he polyembryoniu. Since 
all these standardized materials are already available for citrus and de- 
ciduous fruits, what is now required is not a duplication of the work 
already attempted elsewhere, but the conduct of rootstock trials in various 
regions to determine the optimum stionie combination for our best fruit 
zones and for our leading commercial varieties. 

3. Such rootstock trials as mentioned above were attempted once 
before under the aegis of the Imperial Council of Agricultural Research. 
These trials weiv designated ns co-operative rootstock trials and were to 
be conducted simultaneously in several provinces. Material of some of 
the citrus to he used as rootstock in these co-operative trials were sup- 
plied from the Fruit Research Station. Kodur, to some provinces. It is 
not clear why these trials were abandoned and what stage the surviving 
trials have progressed. At am rate it is believed that these co-operative 
rootstock trials have not yielded yet the useful results expected of them 
I>ut this need not mean t hat there was anything inherently wrong in 
the scheme itself. (>u the other hand, a well-planned co-operative root- 
stock trial, if conducted in several typical growing regions simultaneous- 
ly and according to a set plan, can he invaluable in furnishing informa- 
tion in due course on the influence of each of the selected rootstocks on 
the performance of the leading cultivated citrus and in relation to diverse 
soils and climate. 

■I. \ eiretaf ive propagation of eitrus rootstock is largely of academic 
\aluo. For one thing, t lie ago long experience of citrus producers in all 
parts of the world has shown that *p*d propagation is the best and must 
feasible for raising rootstocks, and is consequently adopted universally. 
Secondly, the shallow rooling habit associated with rooted cuttings and 
ayers of citrus is another defect attributed to the vegetative propagation 
methods, t nliko in the citrus, however, clonal rootstock material has 
come to popular with some deciduous fruits like the apple, even though a 
large class of growers m many parts of tlm world still feel that crab or 
seedling stock is superior to clonal rootstocks 
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5. Summarizing the position, it may be stated that — 

(a) the standardization- of rootstocks is a relatively unimportant 

problem in so far as the fruit industry in India is concern- 
ed ; 

(b) it is of only academic importance even in the small group of 

fruits like the apple, pear, etc., which are commonly raised 
on vegctativcly propagated rootstocks, because of the fact 
that standardized clonal material evolved in England and 
elsewhere are available for trial and use ; 

(<?) it is of no value in fruits such as citrus which are commonly 
raised on seedling polyembryonic rootstocks ; and 

(el) the institution of a co-operative trial of rootstocks on a. nation- 
wide scale seems important to determine the best stionic 
combination for each of our diverse conditions of soil and 
climate and to each of our leading cultivated citrus and 
possible the mango as well, provided only the polyembryo- 
nie seed material is used to raise the rootstocks. 

Madras Aorictjutukai, Department, K. C. NATK, 

dlh December 1947. Fruit Sj)ecialist . 


SUBJECT NO 2. 

A note on the importance of Foot Stocks in the Standardization of 
Fruit Tree Material. »(Mr. Bam Surat Sinjfh). 

Standardization of fruit tree material is equally important both to 
(he experimenter and to the commercial orchardist. Its importance to 
Ihe experimenter is so obvious that it hardly needs any elucidation. 
Standard fruit tree material is the basic foundation on which the ex- 
perimenter depends for his results, which ill order to be comparable 
must be derived from as uniform as material ns possible. All the dis- 
turbing factors have to be eliminated in order to arrive at true results. 
While it is possible to effectively eliminate the factors of soil variations 
etc., by means of randomisation, it is very difficult, if not actually im- 
possible, to eliminate inherent variability in the live material being 
used, which if not standardized, manifest the inherent variability in 
such a complex way that it is not possible to control it. The experi- 
menter must, therefore, have an absolutely standardized material to 
start with. 

To the commercial orchardist. also, standardized fruit tree material 
lias the same importance, although it may not appear so obvious. 
Hodgson, taking a census of orchards in California, was able to divide 
the trees of most of the orchards in three different, categories viz. en- 
tirely unprofitable, the Self supporting, and the profitable ones. He 
found that Ihe percentage of unprofitable trees in an orchard varied 
from 19 to 32. of self supporting trees from 19 to 42 and of profitable 
trees from fi8 to 26. It will be seen from tins analysis that even in 
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fairh pood commercial orchards oJL California, one tree uul of every 
three is either unprofitable or only sell-support mg. 

Similarly -Bachelor found ihal there was a dillcreiiec ol’ practically 
luy per cent between the lowest and the highest yielding plots of a 
citrus plantation, although every possible care was initially taken to 
plant out only uniform material. 


It Midi is the case in the orchards of a highly advanced country 
like r.S.A., it will be no exaggeration to soy that, under tlic present 
conditions, about 50 per cent, of t lie trees of commercial orchards in 
tins country are either just paving or unprofitable. The benefit which 
can be derived by standardization of fruit tree material and by having 
only the profitable trees in the orchard is thus apparent. By eont rol- 
ling this single factor, the production of fruits in the country can 
easily be doubled as shown above. 


In ouler to know how tiii*- can lie done, it is necessary to study 
the causes of variability and to find out which is the most, potent factor 
causing it and Ji*»w this can Jie counter-acted, Unfortunately Kittle 
work on those lines lias been done in this country, but evidences from 
work done elsewhere go to show that Jtoot-Hlocli is tlio most potent 
vaiise of variability. Tims Webber, noting the existence of variation 
in yield of irooN of the Mime \ariety. in the some orchards. planted at 
the* Mime time and cult haled alike, ••(insiders it likely to be due Pri- 
marily to (a) lariations inherent in the buds (fi) different kinds and 
characters of stuck used, (e) llie character of the union obtained in 
budding and grafting (dl difference hi environments and (e) acci- 
dent. 


Out of these he believed that fhe juthionee of Stock was funda- 
mental. lit- inis dcM-nlifi ail experiment in which the seedlings tn be 
used ner»* graded before tin* scions were worked mid he found that 
even after 12] years, when the budded plnnts were growing in the 
orchard, they had the same relative sire as when originally dug in the 
nursery, i e.. the plants on smaller stocks remained smaller and those 
ui bigger ones wove bigger. 

An examination of other casual factors led him to believe that the 
most important eau«e of difTerciie.s lay in the stocks. 

In 1 lie ordinary ronr-v most oT the causes leading to variations in 
size and productivity ol lives of an orchard can easily be removed. 

I mindly, there is not much variation in the structure and composition 
of ilu> soil ut an orchard \Miate\tr little difference there may be can 
easily he removed by the addition of organic manures, fertilizers, anil 
even soils of different textures. 

The variation inherent in the buds can be •'Unlimited by selecting 
mother trees of known perfoi nmnee. Similarly the character of the 
muon in budding and grafting mm be made uniform bv a little care at 
the time of performing the operation. Environmental conditions do - 
not materially dtfier m Iho same orchard. Ro that alt th e above factors 
me not difficult to control. 
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,T 0 .-have uniformity in the characters o£>the stocks, however, is a 
.•problem, .cspooially in those cases, where the stocks cannot be propa- 
gated vogetatively. In the case of temperature fruits where propaga- 
liou of Foot Stocks by vegetative methods is comparatively simpler, it 
,is quite .possible and economic to evolve clonol Root-Stocks and pro- 
pagate the manure of plants required for stock purposes vegetative^. 
These .will, naturally, have more uniformity and scions worked on these 
are hound to behave in an uniform manner in the orchard, provided 
other conditions are controlled, In the case of most of the Root-Si locks 
of tropical and sub-1 ropieal fruits like citrus and mango etc., his is, at 
presold, no possible, and in order to have Root -Stocks ol uniform per- 
.formance, it is necessary either to evolve suitable economic methods of 
vegetative propagation of these stocks or to standardise them by other 
moans such as selection. Itotli these possibilities have to be studied 
for ‘individual fruits. 

Among the Root-Stocks in common use for citrus, it is known that 
Ihore are. different variations, types or varieties within each. 

■ Tn examination of a stock nursery, Webber, Mcrtz and Thomas 
were able to select out 10 of different types which were remarkably dis- 
tinct from cncli other in character and size of growth, branching, foliage 
and other important characters, lending to the belief that fhe stock 
raised from seeds of the same type were actually made up of a very 
large .number of widely different types of different genetic consfitn 

f ion . In order lo got over this variation, it is recommended that when- 
ever any seedling is found to lie of a good stock type, it should be 
propagated by buds and sufficient number of frees so propagated should 
■lie grown in order lo supply nil the seeds required. 

Tbe work of Webber also goes to show tlnd prebudding selection 
in the nursery, in order to eliminate the variant seedlings, is more 
elTeelivi* and economical in producing uniform fruit tree material than 
post-budding selection. 

Fortunately the phenomenon of PW-emhryon is quite common in 
citrus \arifies. the percentage of apognmie nnIrvo ; varying from 40 
to 100. The plants grown out of Ihe apognmie. emhrsos rro, to all in- 
(enls and purposes, just as good as plants propagated vegetal ively. Tf, 
■therefore, it is possible In distinguish Ihe sexual seedling from ihe 
apogamk one in the seed lied, nothing further will he needed to pre- 
serve a pure lino of vegetal ively produced stocks, beyond the elimina- 
tion of the sexual seedling. The remaining seedlings may ho show differ- 
ent sires due to crowding and environment but would not he different 
genetically and should be expected to give more uniform performance 
ns stock. Such a selection can he turned lo good account by tbe 
nursery -men who will be able to oblain easily from any good stock 
type large batches of seedlings which can be depended upon to he a 
nearly uniform genetic type and to react uni form ally on the seion. 

If it is possible to use only those types for stock purposes, which 
show n greater percentage of apognmie. seedlings, this along with the 

■ .elimination of Ihe sexual seedlings, will solve the problem of raising 
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citrus stocks vegetatively and will be more economical. It will enable 
men to raise in one year from a single tree a very mncli 
greater number of vegetative progeny than would be possible by any 
other means of vegetative propagation. 

In the case of mangoes the problem is more difficult. Poly-embiyon 
is not common in the varieties grown in India to any extent. ProdiM- 
tion of uniform Root-Stock material is, therefore, very difficult. At 
the present time the best that can be done is to collect seeds from the 
trees of the same varieties and of similar performance and to carry out 
strict selection in the nursery bed so as to eliminate tbe varying types 
as far as possible. The other alternative seems to be to import varie- 
ties which are known to have Poly-embryon and to use them for stock 
purposes after careful selection of the seedlings. 

Although it has not, so far, been possible to raise Root-Stocks of 
mangoes by some easy and simple method of vegetative propagation 
this possibility cannot be tuled out, and scientist should pay special 
attention to this aspect of mango stock problem. With the advance 
which has been made with the growth promoting substances it, should 
be within our reach to evolve a simple and economic way of producing 
mango stocks vegetatively. 


SUBJECT NO. 2. 

The stan davit i sat ion of root stocks in relation to Soil, Climate, effect on 
Vegetative growth, beating of Fruit Crops etc. 

(Note by S. Bal Bvngh Bajwa). 

Th interaction of stock and scion relationship is of great funda- 
mental and practical importance in the cultivation of almost all im- 
portant trees. Every Province, nay, even every important fruit grow- 
ing tract of the same, because of the varied nature of soil aud climatic) 
factors, must determine by experiments suitable scion and stock combi- 
nations for its commercially grown fruit trees, in order to achieve the 
best results viz., high yield of good quality fruit over a fairly long span of 
life of the tree. Certain combinations prove verv congenial and com- 
patible, while others prove an utter failure, the former giving the best 
and satisfaction, while the latter resulting in ulte T ' economic income, 
ruin of the fruit grower. With a view to find out tlie best scion and 
stock combination for the commercially grown varieties of above fruits 
in the Punjab Province, the Punjab Government approached the Im- 
perial Connell of Agricultural 'Research, with a scheme to carry out 
Citrus stock trials in the veav 1935. The scheme was approved in the 
rear 1936 and it came into operation on 1st August in the same year 
ITpto 31st. Julv, 1941. tliis scheme was entirely financed by the Imperial 
Council of Agricultural Research but from ist August 1941 oho third 
of the recurring expenditure was met by the Punjab Government, while 
the remaining 2|3rd by the Imperial Council of Agricultural Research. 
From April. 1946 it was entirely taken over b.v the Punjab Government. 

Four scion varieties via, Malta Common (Citrus Sineensis), Malta 
Blood-red (Citrus Seneensis), Grape Fruit Marsh-seedless (Citrus Para- 
dise) and Sautra (Citrus Nobilis), were budded on the 
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fpll'oWiug root stocks, which were propagated both from seeds and 
cuttinga taken fiom the same parent tree: — 

(3) “ICharna Khattas” (Citrus, Kama. Kaf.). 

(2) “ Mokeri ” (Citrus Medica Linn). 

(3) “Jatti Kihatti” (Citrus Limouia Osbecjk) . 

(4) “bfitha M (Citrus Aurantifolia Var. Swingle). 

(5-) “Nasnarian” (a citrus species obtained from Ceylon). 

In addition “ Jullunduri Klietti” (Citrus Limouia Osbeek) had 
been used only in case of Malta Blood Red and raized from cuttings 
and "Cliakotra” (Citrus Decurmuui) only, in ease of Grape fruit Marsh 
Seedless and raised from *seed. 

The plant material thus raised was planted in an experimental 
orchard at Montgomery in the year 1936-37 according to the modem 
technique of laying out such experiments. Bach, experimental set of 
material was replicated six times, the number of pkmls in each scion 
stock combination being 18 to 24. Randomised Block method of Lay- 
out was employed and the distance between trees each way in rows 
was 20 feet. Points on which special study was made with regard to 
each scion and stock combination were (a) Growth and Vigour (b) 
Productivity (c) Fruit quality (d) Longevity (c) Resistance to dis- 
eases. The results, in brief so far obtained have been given below, 
which should be taken as tentative, though certain indications can be 
taken as final and which are uulined. These experiments must continue 
for at least two decades wore to reach definite conclusions in nil res- 
peels for making final recommendations. 

(1) Boot -Stock influence on the Vigour of Trees : — 

The influence of root stocks on the vigour of the trees is indicated 
by the inereaso in stem girth, measured at a fixed point above the union 
of stock and scion. The trees of all the four scions on root-stock® 
raised for cuttings continue to remain large sized than those on root-stock* 
raised from seed. The following results hold good for voot-stocks pro- 
duced from seed and cuttings. 

(a) (In the prehearing age “Kharna lthatta” was leading all the 
stocks in its outstanding character of invigorating trees in the ease of 
malta local, grapefruit and sungtra, scions but due to increased eropp.- 
ing of Marsh Seedless grapefruit and malta local on trees budded on 
this stock the vigour of these scions on this stock is comparatively less 
in the bearing age with tlie result, that in the year 1943-44, “Jatti 
Klmtti ” has actually come to lead the other root stocks, so far ns vigour 
Inducing character is concerned except in the case of Santra Local 
' scion where “KhaTna Khatta” is still maintaining its outstanding 
character of invigorating trees in the pre-bearing stage, “ Khdfnai 
Khatta ” has proved a complete failure with liloodrcel scion and 
should not. therefore, he used for propagating this variety. 

The Bloodred malta trees budded on “KJinrna Klmtta” practi- 
cally stopped their annual growth in the third year and 4 out of 18 
plants even died in lhai year. Tq Ihe fourth year the eondilion of 
fdflTOAR 



212 


trees deteriorated still further so much so that these trees dropped 
most of their foliage in winter. In the year 194344 these trees in one 
by the two field of experiments, have proved to be significantly loss vigo- 
rous than those on Mitha, which is a dwarfing stoek. 

(b) “Jatti Khatti” was next to “Kliarna Ehatta” for iuduciug 
vigour in the prehearing age- Cut in view of the increased cropping 
of trees of marsh grape fruit and Malta local scion varieties on “Kharna 
Khatta” "Jatti Khatti” lias now come to lead all the stoelc excepting 
in the ease of sangtra local scion. It is probably the best root-stoclc 
for malta Bloodred scion. 

(c) "Mokari” and "Millia” continue to dwarf all the four scions 
budded on them. Of these two. "Mokari” has decidedly a more 
dwarfing effect than "Mitha”. The condition of trees of various 
scions on these two root stocks, excepting in ease of sangtra local, is 
far from satisfactory. The size in each case is many times smaller 
than the size attained by trees of these scions on other rootstocks. 
There is lot of dying back of shoots and the trees in general present a 
scraggy look. In view of this it can he safely asserted even at this stage 
that the further use oT these root-sioclis should he abandoned expect in ' 
the propaaation of sani/lra uhcre conclusive results are not yet available. 

The Malta local and sangtra local trees on “Nasnorain” are in 1943- 
44 as vigorous as on "Jatti Khatti” and "Kliarna Kliatta”. 

(e) “Chakotra” which lias been used as a root-stock in ease of grape- 
fruit scion only lias produced trees of ’medium vigour. 

(f) "Jnllunduri Khatti” has been used only in ease of Malta Blood- 
red and the trees on it are improving in vigour. It is now second best i.e 
next to “Jatti Khatti”. 

2. The influence of root stoek on the cropping of scions budded ou 
them : — 


(a) flie trees of all the four scions on rootstocks raised from cuttings 
not only continue to remain large sized as compared to those on root- 

r°b tt W<1 fl0IU S °° d lnit tllG in their case is also compara+ive- 


(b) "Kharna Khalta ' induced much better cropping in 
Marsh grapefruit and Malta local scions as compared with* the 
rootstock. 


case of 
remaining 


of Mnltn cmlslantlin ^ !MroaSe<1 <®>ppmg only in rase 

n>ld “Mofa»i” both utterly fnilca in ease of Moltn 1 
local Malta Bloodred and Grapefruit. 

Marsh seedless, the three scions under trial ‘ 
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3. Rootstock influence on fruit quality .' — The Physico-chemical ana- 
lysis of tlie fruits of different scion varieties growing on different root- 
stocks were carried out during January and February each year. The 
results obtained are briefly reported as under; — 

(a) , Size of Fruit. — (1) “Mitha” and Mokari” both significantly 
increased the size of fruit in ease of Harsh grapefruit, Malta local and ' 
■Malta. iBlbodred, varieties thereby deteriorating* the lharjcetting quality of 
fruit in each case. The remaining rootstocks behaved almost alike in in- 
fluencing the fruit of the various scions under study but there are indica- 
tions that “Ohnkotra” rootstock in case of Marsh grapefruit and “Jatti 
Khatti’' in ease of Malta scions might prove suitable for appreciably 
deevensing the size of fruit in due course. 

(b) PcrccnUtyc of peel. — ■••Mitha” -and “Mokari” which, sufficiently 
increased the size of the fruit, also increased the percentage of peel in 
case of all the four scion varieties and of these two “Mokari” induced a - 
higher percentage of peel than “Mitha”. The remaining rootstocks 
may he taken, at t his age of t lie trees, to have produced fruit with the . 
least amount of peel although the indications are that “Jatti Khatti”, 
“Kliavnn Eliatta” and “Jnllundnri Khatti” may prove better than 
others in case of Marsh grape fruit. Malta local and Malta Bloodred res- 
pectively. Tn the ease of Snnglrn the rootstock influence on the peel 
content of fruits in one of the two sets was not significant. In the second 
set “Mitha” and “Mokari” however, increased the peel content in the 
same way as in the case of grapefruit and malta scions. 

(e). .The percentage of Juice. — The Juice content was increased 
significantly by “Jatti Khatti”. Kharna IChatta, and Chahotra root stocks 
in case of Marsh grapefruits, “Jatti Khatti” and “Kharna IChatta” 
rootstocks iii ease of Malta Local and Jullunduri Khatti “and Jatti _ 
Khatti” root stocks in case of Malta Bloodred as compared with “Malta 
and “Mokari” in which ease the fruit was also invariably found partly 
dry inside. T 11 case of Sangtra the influence of rootstock on the Juice 
content was not significant in one set whereas in the other set “Mitha” 
markedly increased the Juice content as compared to “Mokari” hut ite 
behaviour in eompnrison with the remaining rootstock is almost the same.- 

(d) The percentage of soluble solids. — The sugar content of fruit'* 
is considerably responsible for its quality. It was considerably increased' 
by “Nasnarain” and “Kharna Khatta” in case of Malta local and Malta' 
Bloodred scions respectively and by “Chakotra” and “Mitha” in case . 
of marsh grapefruit. Tn case of Saugtra local seion “Mitha” increased 
the sugar content of fruit appi'cciably as compared with the remaining 
rootstocks, but, the differences noted at. this stage (at the age of even 
years) are not significant. 

(e.) The percentage of Acidity . — The light amount of acidity in the 
fruit of a given variety is as desirable ns the adequate amount of sugar 
present therein. In fact it is the proper blend of sugar and acidity that 
determines quality. Generally speaking rootstocks that favourably in- 
fluence the sugar content also increased the percentage of acidity. How- 
ever higher sugar content increased by “TCharna Khatta” in case of 



grapefruit was not ‘followed by higher "acidity, and -higher acidity in- 
duced by “Mitlm” in case of Malta Local and Malta Bloodred scions 
was not followed by. higher sugar content in 'the Case of these two scions. 

General Conclusions regarding (futility t'csts.-^—In view of the 'Various 
standards of quality studied, it ‘is obvious that " Mofrari” and Mitlm*’ 
as rootstocks failed badly in citsc of all tltc scion varieties excepting 
Sangtra local where their ‘behaviour has not 'yet been fully determined. 
* ‘Kharna Jvhatta” prbvcd decidedlv 'the l>es‘t rootstock for Marsh grape- 
frdit. and Malta local sciolis, Whereas “Jatti Khatti” and Jtillunduri 
Klihtti” have both done 'best in cuscof Malta Bloodred. There is a 
strong evidence that quality of fruit ‘in ease of Malta and Marsh grape- 
fruit scions can be considerably improved by using ‘‘Nnsnarain” and 
“Cliakotra” as the rootstock. 


General Conclusions . — Taking the combined influence of various 
rootstocks under tl*M regarding the Vigour, ^cropping and quality of fruit 
of the four scions budded on ‘them, it may be safely concluded thnfc nt 
this stage of the experiment, “TClmrna Khntta” is decidedly the best 
rootstock for Marsh Seedless grapefruit and Malta local scions and 
“Jatti Khatti” and ‘ ‘ Jullnndiiri Khatti” -for Bloodred Malta scion, 
*' Kharna Khatfa ” is definitely a failure for Bloodred scion, d should 
not be used as a stock for this variety. 


The trees of all the four -scions on rootstocks raised from cuttings 
uot only continue to remain large sized as compared to those on 'rootstocks 
raised from seed but ‘the stopping in their ease is also romparativelv 
better. 


Economic aspect of the scheme . — Tt may interest the members of 'the 
Board, that whereas rootstock trials carried out at the Citrus stocks Ex- 
perimental Station, Montgomery have given very useful indications and 
results, economic side of ‘this station is equallv remarkable. General- 
ly, till over the world, Besearch Stations do not pay their way. But this 
Experimental Station has boon unique in this respect. •Since >fhe ’tree* 
Caine into bearing every year has been showing Steady increase in income. 
Taking the instance of the year 19 PI, ’the totnt expenditure was about 
°- (hu ‘ lu<lin E evpn P«v and Travelling Allowance or the fitofT), 
while the income was about Bs. 25,000 leaving a net profit of Its. 13,000. 
Considering the bearing area, which was only 10 acres, the -average in- 
oomc comes to over Its. 2.000 per acre. Considering the grape fruit alone, 

the auction price of 2-1 acres was twelve thousand rupees i.e. Itc 5,000 
par acre. • ’ — 
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210 


CONTROL OP WHEAT RUSTS. 


Jiy G. 8. Kulkarm (HJyeolopi^i, Gwalior Gorcrmncnl). 


Rusts which are locally known as rori or Gcntwtt arc Ihe most im- 
portant disease of Wheat. Their ravages vary from year to year. In 
certain years when the attack is mild the loss may not exceed 5 per cent, 
of the crop. Rut in years when conditions for tlie development of the 
disease are favourable, (of repented rainy and cloudy weather) rim 
disease assumes epiliylotic from and the dam ape is considerable in- 
volving complete distraction of the crop. The disease is. therefore, a 
constant menace taking a heavy toll of the wheat crop when it occurs ns 
an. epidemic and such occasions arc of common occurrence once in every 
five years. 

An average loss of 6 crores of rupees (according to Prof. Mold a of 
Agra) has been estimated for the whole of India for the wheat crop 
occupying an area of 3 crores of acres. Thus for every acre of wheat 
crop there is loss of Rs. 2. Calculating on this basis for the Gwalior 
State occupying 15 lakhs of acres of wheat the damage comes to 15X-” 
30 lakhs of rupees. This is in normal years. Rut in years of heavy 
attack like the present one (lO‘lfi-17) when the crop was completely^ des- 
troyed the loss amounts 1o crores of rupees The economic importance of 
this disease is thus self-evident. 

Considering the importance of the Rust disease the Indian Council 
iiwc / r^ Research constituted a scheme of investigation as early 
as 1925 (the work is still going on) and the results of investigation are 
os under : — 


3. There arc three kinds of Rusts that attack the Wheat crop, (i) 
Black rust. (Puccinia gram inis tritici). (if) Yellow rust 
(Puceinin tiiticinn). Erich of those v oMiIts hns n^nin «*ot its 
(Puccinia glnmarum), and hii ) Orange or llrm\u~ rust 
races. The black has nine rorms. tlm yellow has ten and 
the brown Jins eight. There nro thus ?7 forms of met that 
attack Wheat. 


2. The yellow rust predominates in the whole of the Indogaimetie 
plain comprising the Punjab., r.P. and Bihar. In penin- 
sular area, ?.r., C.P. and Bcrnr, Bombay, Nizam’s Domi- 
nion and the Central India, the greatest part of Rajputnnn 
and Sind the Black rust is nm.-t destructive. The Brown 
rust is common everywhere. 


3. Annual outbreaks of rust ore not caused by the infection from 
the .previous crop in the fields but are due to the source 
eommg from the suhmmmtnin parts of the Himalvas in tlm 
North and Ooty and Palni hills in the South, where owing 
to favourable conditions rust infection continues from vear 
to year The rust spores are blows from the hills i,/ the 
Plains by the wind. The hills thus serve the source of 
infection for the plains. 
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To prevent the annual outbreaks of rust? infection in the plains would 
be, to stop the infection from the hills reaching Iho plains. This could be 
done (i) by suspension of cultivation' of Wheat for two to three years in 
the hills which occupy hardly 2 to 3 per cent, of the entire area under 
this crops in the country. But this method would be in impracticable* 
without the co-operation of the concerned States that own a considerable 
part of the hilly tracts . Even with the co-operation of the States to execute 
the order would he very difficult as it would entail a large sum of money 
and staff. (?7) The other way of checking the spread of disease in the 
hills and thereby saving the crops in the plains would be to cultivate 
only rust resistant varieties in the hills. 

The study of breeding rust resistant varieties for cultivation in hills 
has been in progress at the India Agricultural Research Institute, New 
Delhi, since 1935. The work is being done by the Imperial Economic 
Botanist, New Delhi, in collaboration with Prof. K. G. Mehta of Agra 
College. 

None of the standard wheats cf .India have been found to be com- 
pletely resistant to all the forms of the three rusts. It is difficult to say 
how long it would take to achieve success. 

In the meanwhile the question arises what should Provinces and 
States having rust as pressing problau do? It may be noted that though 
the Indian Wheats have not been found to be completely resistant to 
rusts, the degree of resistance in them has been found to vary consider- 
ably. • 

Idle Wheats grown in India generally fall into two main groups (1) 
The durums (hard Katina), and (2) the Vnlgare (Pissi. soft). The 
durums such as, Bansi, Dautkhani, Kolabal. Jai, Vijay, Ekdania, 6. D. 
11, ■Talalia, etc. are very susceptible to black rust. The Vulgar wheats 
like Pissi, Banda Sharbati, Pipaudi White, most of 1. P. Wheats, the 
Punjab ones (C 591. 118, 228) are less susceptible. Even among the 
Vulgar the hard amber coloured wheats are more tolerant to black rust 
than soft while-grained ones. 

The varying factor of resistance is being utilised by various Pro- 
vincial Governments to evolve varieties suitable to their respective locali- 
ties. Such types when found out. would certainly be useful to mitigate, 
the situation when cent per cent, destruction occurs in severe outbreak 
of rust attack. 

- • 1 T 

With this object in view a scheme for the study , of what is called 
“ADULT RESISTANCE” prepared in consultation with Prof. K.C/ 
Melila, Agra, was proposed by the Mycologist. The Durbar wero 
graciously pleased to sanction it for three vears (1942 to 1944) for Rs. 
8,000. The experiment was carried out at the Gwalior and Ujjain centres* 
and all the important samples of Wheat that are grown in the State were' 1 
tested. The study did not show any variety of Wheat that could ’ tie,, 
considered as fairly resistant. Tu most of llte types infection whs_more, 
than 80 per cent, while the others succumbed completely. Tt was also 
considered "necessa ry to tiy the varieties that were found to be resistant 



fat the Provinces. Accordingly samples were procured from'' the AgrimjU* 
: tfaral Departments of the Punjab, Bombay, U.P., nnd Indian Agrioul- 
-tural 1 Research Institute. New Delhi, and in 3 943-4 G now experiments 
Were started at the Ujjain, Blulsa and Gwalior Farms, oil the varieties 
obtained' from the abovcmcntionecl places, the local types serving as 
control's. In the first year no rust appeared in the crop. The trials 
were repeated in 1946-47. There being a severe outbreak of rust on the 
arop the results of the trials were found to be indicative. The Imperial 
Phsa Wheats with plump and glossy grains showed better resistance to 
the' rust attack. Next came the Bombay Wheats which resisted the rust 
to some extent and produced well developed grains. The Punjab Wheats 
have been affected and, therefore, have shrivelled and shrunken grains. 
The C. P~ Wheats (A.O.) have failed miserably while our local Wheat* 
have hardly produced any grain. J.P. Ill has stood first iu grain for- 
mation in all the three farms. The promising varieties (I.P. and Bom- 
bay)- will - be tested again in the coming season (394 7-1948) to see whether 
they confirm their previous performances. A detailed list of the wheat* 
used in the experiment showing yield per acre and weight of 1,000 grain*, 
m attached, for reference (sec page 5.) 


Our main Wheal -tract (Malwa) grows Durum (Hard) Wheats. The 
introduction of I.P. Wheats (Soft Pissi), (111, SOjo, etc..) which are re- 
cfstant to rust may be a temporary make-shift but may not be a final 
solution. We must try to breed our own Durum wheats suitable to the 
tract and having qualities with regal'd to yield mid rust resistance. 

The breeding of suitable varieties to each tract has been the main 
guiding factor in all the Provinces. 


In the Punjab, breeding has been carried on for n very long time 
producing the noted types, (.’. 618, 391 and 22S. 

. Bombay has produced Jni and Yijay and Niphad 4 which are high 
yielding and partially resistant i« mM . 


C,P. has its own A.O. wheats (68, 135. Id, 49, and 90) and is try- 
mg to evolve better types for' rust resistance and yield. A special 

SdSefhy^he' LC.A.R. 0 ” 01 Powarkheda, which is being sub- 

Pusa bred Wheats (now called I.P.— Wheals— Imperial Pu aa ) 

P»^.fnfrlri r B t itr! n,,Wri “ 1 for ,h ' 


r M /nS 7 W bl n k °£ n . ,st tliscaSf ’ «» the Wheat crop occurred this 
Vfhtnf 111 t lP ^nlwo Division. The intensity of 

£»: kw 5 x ts&szzrdrv 
as Si^SSSl f ? “ - 

The mveologist, therefore drew ti.? ? \ l ] sp ° 1 ' anxious consideration, 
teir, I.C.ATt Zn^t;J,Z (" cl »«“«<» o£ tie Secre. 

’ 1 ' f ,11 ” 1 io P la0<? it before the Plant Patholopjr 



•Sub-committee of the Advisory Board meeting which met in New Delhi 
iu February 3947. The Secretary was pleased to accept the suggestion 
and the subject was accordingly discussed by the Committee with a 
view to what measures, if any, were to be taken for the control and 1 
prevention of rusts. I.C.A.lt. decided that each Province or State 
6hould be invited to submit schemes to I.C.A.R. for consideration. 
It may,' therefore, recommended: — 

■ 1. The breeding of suitable (high yielding and rust resistant.) 

varieties of wheat should he the main guiding factor for 
each province or State whore rust is a pressing problem. 

2. I.C.A.lt. should prepare to consider schemes on the study 
of wheat rust submitted by the Province or State, for 
financial help. 

With the above two points in view the paper has been submitted 
for the consideration of the meeting. 


« 

Comparative Statement of yield per acre and average weight of 

3,000 grains (1940*47). 






BimjJA .Faum ! 

Ujjatx P,\nM 


Variety of Wheat 


Yield per 
Aero. 

Mds. Sra. 

Average 
weight of 
1,000 
grains 
(Grams) 

Yield per 
Aero. 

Mds. Srs. 

Average 
weight of 
1.000 
ernins 
(Grama) 

Romarka 

I. P. Ill 

• • 

• 0 


7 30 

43 0 

n 

H 

35-20 


Niph&d 

• • 

a • 

• a 

0 0 

41-1 

SI. 

B 

26- 10 


I. P. 105 

* » 


a a 

8 0 

SB- 7 

i 

0 

24-70 


Jai 

• • 

•• 


7 0 

33-0 

o 

5 

23-10 


I. P. 80/5 

• a 

.. 


C 10 

33-7 

5 

0 

27-00 


I. P. 52 

• * 

•• 


$ 20 

31-8 

4 

5 

25-70 


Knrnntno 




7 0 

33-7 

1 

A 

10-27 


I. P. 125 

" 

•* 

’* 

7 0 

31-5 

4 

0 

24-70 


C. 228 




B 0 

27-1 

5 

’ 1 

20-50 


C. 51)1 


•• 

0 a 

0 0 

20-6 

2 - 

c 



T. P. 021 

• * 


a a 

7 20 

20-4 

4 

2 



X. P. 101 

0 0 

•• 

■ 0 

8 0 

25-2 

4 

0 



A. O. 0B 

0 • 

a • 

0 0 

<1 0 

24-3 

1 

7 

12-50 


A. O. 115 

• a 

0 0 

* * 

5 20 

22-5 

1 

8 



A. 0. 13 

• • 

a • 

• * 

0 0 

22-4 

1 

4 

11 *20 


A. 0. 40 

• a 

•• 

• • 

4 10 

21-1 

1 

0 

11-70 


A. 0. 00 

• • 


• a 


18-4 

4 

5 

iil-10 


Local Pissi 

•• 

• • 

•• 


10-1 


7 

14-50 


ijocnl Kathia 

0 0 

a • 

•• 

| 0 30 

• 15-8 

t 

■ 

1 . 

C 

23-03 



Ll CK7.lt 
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SUBJECT No. 3. 

Cereal Rusts and their control. 


by 


R. S. Vasudeva, Pli.D. 
,of the Division. 


(Lond.), D.Se. 
and 


(Loud). D.I.C. Inchargd 


Raghubir Prasad a. M.'Se., D.Se. Assistant Plant Pathologist. 
Division of Mycology and Plant Pathology, I. A. It. I. 

Wheat, the most important food crop of the world, covers more Than 
four hundred million acres of cultivated land. The major part of 
this area, — the vast u heat lands of Russia, Poland. Argentina, North', 
America, India, China and Australia — sutlers from the destructive 
ravages of rusts and their economic significance has been generally 
recognised by scientists and laymen everywhere. 

In America, and Canada and other countries damage done by 
rusts has been carefully assessed. It was estimated to be 132.045,000 
bushels in U.S'.A. and 91.029,000 bushels in Canada in 1935. In the 
Indian Union the annual loss is calculated to be about Es. 49,000,000. 

Since the classical discovery of the heteroccism and the demonstra- 
tion of the successive spore stages of puccinia gramimis by do Bary 
in l^iiJ, much woik has been done on the nature and prevention of 
cereal rusts in almost every wheat growing country of the world. In 
Sweden, Eriksson and Henning did extensive work culminating in the 
publication of “Die G^treideroste” in 1896. 

Durmg the last forty years American work on cereal rusts has 
dominated the scene. The occurrence oE physiologic forms within 
Puccinia graminis vas demonstrated by Stakman (1917) ; the ability of 
Thalictrum species to act alternate gosts of P. triticina was discovered by 
Jackson and Mains (1921) Craigie (1927) in Canada determined the func- 
tion pycnia and stakman nud his co-workers in U.S.A..and Buller 
and Craigie in Canada studied the epipliytology of rust and their aerial 
migration. In 1935 Greaney started his experiments in Canada to 
determine losses caused by rusts and their control by sulphur dusting. 
On the basis of reactions on eight dilferential varieties Mains and 
Jackson distinguished 32 physiological races in P. triticina in 1926 and 
furnished a key for their identification. Newton and liis associates 
demonstrated the formation of new races of P. graminis by hybridization 
on barberries. 


. Iq Australia, following the earlier work of Cobb, Me Alpine ana 
rain, aterbousc lias made extensive studies on tlie over-summering 
of rust and their physiologic races and the breeding of resistant varic- 

r i no 0 


In Russia the outstanding developments have been the discovery of 
isopyrum as a functional alternate host of P. Hriiicina in Siberia by 
0Va o in 1935, , and extensive Indies on the epipliytology and aerial 
Hug ation of rusts by Shitikoya Rusakoya and others. 



In Germany, limber ford and Owens (3923) recorded the occuvronOG 
of "Specialized varieties" within l\ ylumarum, but the actual isolation 
of physiologic races was first done by Allison and Isenbeek (1930). 
Uassnor and Straib (11)30), however, standardised this work by select- 
ing nine varieties of Tticiim vulgarc to serve as differential hosts. 

In the Indian Union, wheat and barley are cultivated over 33 
million acres of laud. All the three rusts, viz., black, yellow and brown, 
caused by Vucrinia gram inis, 1\ ylinmrum and P. frilirina respectively, 
are reli vant. almost all over the country on wheat and cause enormous 
losses e.vcry year. Black and yellow rusts also affect barley. 

There was such immense loss from wheat, rusts in India in 1827 
and 1839 that in Koine districts the harvest did not equal the seed that 
had been planted ( Barclay 1892) . It is well known that the yield and 
market value of grain is adversely affected ns a result of rust epi- 
demic. The cultivator is keen 1o know whether shrivelled grains 
raised from rusted crop can he used with confidence for securing normal 
yields. Tests recently made at the Indian Agricultural Research Insti- 
tute with a large number of samples of shrivelled grains from rusted 
wheat crop from C.P., Jlajputnnn und Bombay showed fairly good 
germination in most of the eases but it requires to be ascertained whether 
yield, from sneb crop would compare favourably with that obtained from 
crop raised from normal seed. Work on this important aspect, is in 
progress. 

According to Bo’ley (1900) and Kuskov (1925) light, small seed 
from rust'd wheat crop produce plants of poor vitality and tillering 
wlti”h are likely to die if the soil is not wll drained, heavy and eoUl or 
dry after germination. On the other band Taitbra and (Vuna (19*12) 
state that the shrivelled grain obtained from crop affected by hot dry 
winds in the Punjab is Mutable fur seed purposes and Hint inspitc of 
initial handicap the plants make up at a later stage and produce as good 
n crop as that obtained from normal plump grains. 

Butler and Ilnymnn (190(5) and Butler (1918) were preplexed ns 
to the origin of wheat rust infections following hot summers in the plains 
of India through which neither wheat nor its rusts can survive. Mehta 
as a result of his recent investigations explained that the, uredinial stage 
of wheat rusts survives on volunteer wheat and barley plants in two 
hills at altitudes of 3,000—8.000 ft. infects the new crop locally and 
then the spores are Mown down to the neiulibouring font bids and the 
plains causing fresh outbreaks. He has found two important foci, Central 
Nepal in the North, and Niliriri and Palni hills in the south, where due 
to an early so\vn crop (August) and summer cultivation, respectively, 
there is plenty of inoculum available for dissemination at the time 
(October — November) when tin* new crop is sown in the neighbouring 
plains. In evidence of this lie cites the presence of all the three rusts 
at different altitudes in the hills during summer on out-of-season self-sown 
plants and crop, early rut-t outbreaks in the hills and foothills, heavier 
rust infections at. places situated at the foot hills than those farther of 
and late rust outbreaks at place!; remote from the hills. The practice of 
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raising wheat crop in summer (May-Nov . ) in Mysore state and some parts 
of Peninsular India, according to him, is a dangerous practice as it serves 
to multiply the inoculum in close proximity of the crop that is sown in 
October-Novembcr, and thus brings about very early and severe rust 
opipljytotics on the latter. On the basis of tee evidence produced by 
Mehta, the alternate host3 of black and brown rusts seem to play liltls 
part in the fresh outbreaks of th.se rusts in the plains of India Cjvery 
year. 

Wild grasses have been found to act as collateral hosts of cereal 
rusts in some other countries like Canada, America, Australia and Europe. 
In India, Butler (1918) and Butler ami Bisky (1931) recorded ttm 
odflurrane.es of black rust on Brachypodium sylmlintm, Fcstvca gigantcit 
and Fcstucc Kashniriana in Himalayas but according to Mehta (1940) 
out}' the rust found on Bromus patulua and Brachypodium sylvaiicum is 
the same as that on wheat. He, however, could not obtain any evidence; 
to establish the propagation of this rust from one season to- the next 
on any of these grasses. Recently, hlae.k rust has been collected on two 
mo’-e grasses , Vilpia myiiros and Briza minor, in the Nilgiris. Information 
in this respect is far from complete and a thorough survey in this con- 
nection still icquires to be carried out. 


The study of phjsiolrgic races carried out by Mehta and his co- 
workers’ extending over a period of fifteen years has resulted in Ihe 
identification of eight races of black rust, ten of yellow and eight brown, 
some of which have not been reported outside India. It is, however, 
neces.-nry to greatly extend this aspect of the investigation so as to pick 
tip otlu!" races that might he present. 

Control — The relative merits of different methods of control ns 

applicable to Indian conditions arc discussed below : — 

« 

1. The eradication of alternate and collateral hosts. 

2. Destruction of "sebf-^own” wheats and suspension of "out of- 

fjeason’’ wheat cutlivation. 


3. Use of fungicides and other chemicals. 

4. Fertilisers and cultural practices. 

5. Breeding of resistant varieties. 


1. Eradication of alternate and collateral hosts . — Tn those countries 
where Barberries acts as an alternate host, its eradication has been enforced 
inio t < t0 aelneve tlie control of black rust. With this end in view in 
1918 United States Department of Agriculture in cooperation with other 
states started a berberry eradication compaign: Destruction of more 
than 323 million barberry bushes on 130 thousand properties in 18 states 
has been accomplished and this has contributed considerably to tlie 
reduction m the sterarust losses. 

.. . -A-ccouling to Mehta, in India like Australia barberries seem to play 
“xi t le , ann1 ! al rec «rrence of- black rust. The eradication of 

i?* V 1 ? 0 ? , is not ci, " cti for “ «* u™™-. in 

en of the fact, that new races arc formed on barberries, it Is very 
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necessary to undertake a thorough survey of naturally infected barberries 
in the bills of India. 

With regard to brown rust, Jackson and Mains (1921) were able 
to infect Thulicirum but no where has it ’been found to occur naturally 
infected and is not considered a functional alternate host. No species or 
lpopi/rvin, reported to be the alternate host of P. Iriliciiut in Siberia, 
occur-. in India. 

No alternate host of yellow rust lias been discovered so far. 

Wild grasses have been reported to act as collateral hosts of cereal 
rusts but information for this country is very meagre and further work 
in this direction is ncccssay. 

2. Destruction of “ volunteer ” wheats and suspension of “ Out-of - 
season 4 ’ wheat cultivation. — Mehta, from his expensive study of wheat 
rials ill India, recommends the destruction of self-sown wheat ami barley 
plants in all the lulls, and hilly f nets where these rusts have been found 
to over summer, and the suspension of “out-of-season” wheat cultivation 
in tile Nilgiri and Palni hills, the peninsular India and Central Nepal. 
The Mycologists in this country have expressed serious doubts as to the 
efficiency of this method of control and the practicability cf its rigorous 
application, particularly when there are indications that certain grasses 
urc also effected by the rust. Stalnuan, Popham and Cassell (1940) 
found a similnr situation in Mexico and Southern TJ.S. They came to the 
conclusion that " the rust in northern Mexico, Taxes and adjacent states 
constitutes a menace for the wheat farther north b> cause the distance to 
which spores can be carried is almost unlimited and recommended that 
“stem rust, probably could be controlled to a considerable extent in south- 
ern Mexico by eliminating the relatively small amount of summer wheat 
and the prematurely sown fields of winter wheal in order to avoid the 
overlap of wheat crop seasons”. The recommendations, it appears, have 
not been given effect 1o and it is therefore difficult to assess their merits. 

3. Use of Fungicides . — Between 1891 and 1894 Cobb in Australia, 
Hi-chook and Carlton in the United States nnd Wuthrich in Germany 
tested a number of chemicals for their efficiency in preventing the germi- 
nation of uredesporcs. Copper, mercury, nnd /.inc salts even in high 
dilutions were found effective. 

The efficacy of sul pirn’’ in preventing the germination of nredospo"es 
was. shown by* Greenery in Canada in 1228 and 1934. Kolodn't was 
fotind to be the most effective, probably because of its fineness. In field 
trials he noticed an increase yield ranging from 5 to 15 nnd in some 
instances 20 to 30 bushels per acre ns n result of 9 applications of 15 lbs. 
of sulphur each. Mains (1930) in Indiana. Broad foot (1931) in Min- 
nesota nnd Policy and Pritchard (1900) in North Dakota obtained higher 
yields by frequent sulphur dusting. On account of the prohibitive cost 
of dusting sulphur over large arras Greancry reebnunends it only “for 
the use of experimentalists, seed growers, and grain exhibitors”. Tim 
effect of sulphur is purely prophylactic. It can prevent spore germina- 
tion or destroy the germ tubes, but once infection has been accomplished. 



llic rust mycelium, appears to be relatively unaffected by sulphur on the 
leaf surface. All the evidence available indicates that sulphur does not 
exert any direct effect on the soil or the wheat plant so as to affect the 
outturn, (Greancy, 1941). Likewise Phipps (1938), Butler (1940) and 
Broadfoot (1931) found tint sulphur had no effect on yields of rust-' 
resistant varieties. Und.r Indian conditions no work has so far bee,n 
done to determine the economics of sulphur dusting as a method of rust 
control. Apart from the use of sulphur, Sibilia (1937) increased the 
yield of wheat by 4 applications of “Asporitor’ but he did not consider 
dusting practical unless rust was heavy. In 1941, Straib sprayed green- 
house plants, at varying times after inoculation, with a number of or- 
ganic substances and got absolute control by 1 per cent, paratoeuol sulplio- 
naraide if applied immediately after rust inoculation, but applications 
2-4 days after inoculation were less successful. 

Shitikova-Roussakova (1937) used 5 per cent, sodium silicofloride, 93. 
per cent, fine clay and 3 per cent, lubricating oil which was found to 
equal sulphur in rust control. None of these treatments has, however, 
found to he applicable to large areas or economically feasible. 

4. Fertilisers and cultural practices . — Work done outside India has 
indicated that, in general, nitrogenous fertilizers tend to increase suscepti- 
bility of the wheat plant, while phosphate has the opposite effect. It| 
is now generally accepted that rust may be reduced in severity by re- 
ducing the proportion of N. in the N.P. ratio. 

Cultural practices which favour early maturity of the wheat crop, 
lessen the destructiveness of rusts, as they enable the crop 1o escape 
the most serious effects of the disease. This can, however, have only 
limited application. Early maturation may expose the plants to frost 
at the time of flowering and thus lead to sterility or the yield may be 
reduced as a result of a shorter growing season. 

5. Breeding of resistant varieties . — Chester (1946) states that the 
breeding of cereal varieties that are resistant to rust is thcl most certain, 
effective and economical means of checking the cereal rusts. In 1886 
Farror in Australia, began the extensive and intensive breeding and 
section for rust rpclstanee in wheat and vau po cviepwfnl that some of 
his hybrids, e.g., Federation, are of agricultural significance oven today: 

Hitchcock and Carleton in 1894 had also recognised that the breed- 
ing of "rust-proof 5 ’ wheats offered the, most promising means of rust 
rt-rntrol. Biffen, in England, applied the principles of Mcndilism to 
the breeding of wheats for resistance to yellow rust. Tn the United 
fffates of America and Canda intensive wo'dc has been done for breed- 
ing varieties for resistance to black and brown rusts. In Australia. 
Waterhouse has been particularly responsible for the breeding progress 
resulting in the release of “Febweb I” and “Gabo” 

In Russia here has been a well organised and highly successful 
programme of wheat breeding and particular attention has been given 
to the use of interspecific or even intergeneric crosses resulting in the 
production of the remarkable Triiicnm sovieticum. 
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The breeding of rust resistant wheats has been found to be difficult 
and slow; one of the reasons for this, in earlier works, was the lack 
of. knowledge of the existence of physiologic races in the rusts. In the 
year 1917, St akin an and Piemcisel demonstrated tlio existence of physio- 
logic races in Puccinia graminis trilici, which are morphologically similar 
but differ in their pathogenicity to different varieties of wheat. With this 
knowledge the reason for the sudden breakdown of resistant wheat varieties 
became clear. 1 

Nearly 200 races of black nist are now known, and similarly races 
exist in the brown and yellow rust, also new races may arise by hybridiza- 
tion or mutation. While the existence of these numerous raeps renders 
the task of breeding an arduous one, encouraging features also occur, 
Many workers have observed that, wheats that are susceptible as seedlings 
may become resistant as they grow older and that resistance to a numhor 
of races may he governed by a single factor. 

< In India, the work of breeding resistant varieties based on Ithfi 
knowledge of physiologic races in only of a recent origin . It was started 
2 years back based’ on the number of physiologic races found by Mehta . 
At Simla high resistance to all the physiologic races has been achieved 
separately for each rust, and the work is at a stage when synthesis of 
resistance to all the three rusts simultaneously is being attempted by 
means of a double cross made on a largo scnlo. In the Central Provinces 
and Bombaj’, the work is concerned with resistance to black rust only 
which is (be dominant race in those Provinces. In view of the importanco 
of this work, it needs to be greatly extended. 
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Subject No. 3 

CEREAL BUST AND THEIR CONTROL. 

■(Note by, Dr. K. C. Mehta.) 

(1) Thc universally recognised long-term method of rust control 
is the cultivation- of rust resistant varieties. Work on the breeding of 
rust resistant' varieties for cultivation in the hills, j.e., the source, has 
been in progress since the year 3935 at Simla as co-operative investiga- 
tions between the writer and the Head of the Division of Botany, In.lian 
Agricultural Research Institute. 

(2) . As rust resistant varieties are not yet available, and it might 
take several years more to produce them, it is very desirable that efforts 
be mime to mitigate the huge loss caused by rusts by the adoption of a 
short term plan of control. This can be done by (i) Regulation, i.c., 
suspension under legislation of sowings of wheat and barley during 
summer (April to September) wherever made in the whole of Peninsular 
India (hills and plains) and (ii) by the cultivation of improved varieties 
of oats, fit for human consumption, and rye in places of wheat and barley 
in the Himalayan range as well as the hills in the Central parts of the 
country. Oats are not affected by any of the three rusts of wheat and 
some of the varieties of rye are resistant to black rust of wheat ; tho 
other two rusts do not affect rye. 

(3) .Simultaneously with nos. (1) and (2) it would be useful .to 
test the efficacy of sulphur dusting mixed cropping and the effect of 
.different kinds of manure on the incidence and in tensity of rusts. 

K. C. MEHTA,— 23-2-48. 


Subjeot No. 3 

CEREAL RUSTS AND THEIR CONTROL. 

( Note by Dr. Ji. B. Mvndkvr) . 

While breeding of rust resistant varieties of wheat is the more 
certain method of controlling the disease, the difficulties involved in that 
process have to be carefully analysed and understood. There is not - 
one rust affeding wheat but there are actually three. Each rust is 
segregated into several- physiological races, there being eight or more 
of eueli in Imliu alone. Breeding of variety of wheat resistant to all 
these three rusts and to each and every one of the races present in a 
country will he a stupeudus and colossal task and I doubt if it would 
ever be possible to do so. Breeders in Canada, U.S.A., Germany, 
Australia and other .countries have yet to obtain a wheat resistant oven 
Ao a single rust, and to each and every one of the races of that TUBfc 
occurring in their respective countries. When such varieties were ob- 
tained or were about to be obtained, the nppeni’anee of a new race by 
mutation, hybridization or importation has upset all calculations. The 
fate of ltanred, Hope, Webster. Thatcher and other resistant wheats are 
eases in point . 
r.urroAu 
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T Ife is necessary, therefore, to take a realistic view of the problem. 
I have, of course, no easy solution fo offer but the lesson of the 194647 
epidemic has left the impression that, if nothing else, 'at least the seed 
supply of a district or a province must he ensured. In the C.P. fot 
example, the epidemic was so severe Hint wheat was scarce and it was 
not available even for seed purposes. I believe -40,000 tons of seed hod 
to be secured from out^de. The importing of that seed, its storage, 
its germination tests etc. involved much labour nnd sometimes it was 
not certain whether impelled seed would suit the U.P. conditions though 
reports indicate that it had done well. 

In order then to ensure at least the seed supply, I would urge that 
in provinces where periodic rusts epiphyroties are apprehended, there must 
be in reserve at least 20 tons of sulphur dust and not less than 200 hand 
dustiug machines of the crank type so that operations can *be started 
as soon as signs of danger are indicated. These signs are -unusual and 
heavy rains in Peninsular India in November nnd early part of Decem- 
ber associated with cool temperature. 

The sulphur would not necessarily be used every year but would 
be reserved for use only in such emergencies. The sulphur reserves and 
the dusting equipment would naturally hn stored in an aren where best 
wheat cultivation of superior varieties is concentrated in a province. 
I think that four or five dustings would suffice though future experience 
along would give more precise information. But whatever the cost, the 
saving of flu 1 crop for seed purposes alone is worth all that expense. 


For ofju itrl itm only. 

Subject No. 3 

tflSKBAL BUSTS OF SOUTH INDIA. 

The rust which infect cereals in India are among the most important 
of the rusts from the farmer’s standpoint. This is due to the fact that, 
these fungi affect the main food crops and the amount Of destruction 
caused is on an extensive scale. Busts do not appear with 'the same in- 
tensity year after year ; but depending on various environmental and 
other factors the incidence may be inconspicuous or may assume an 
epiphytotie form as was experienced during the -last kcason in India. 
It is common to speak of certain years ns “rust year*’. The rusts arc 
of world-wide occurrence and considerable losses* have been cattscd in 
■most of the wheat growing countries some, time or other. In other 
countries strenuous efforts are being continuously taken to control the 
rusts. In India the recent experience of the. devastating epiphytotie was 
( m 1946-47. Attempts have been made on a small scale to evolve rust- 
resistant strains of wheat in certain parts of the Do min ion 

' There arc six important rusts of cereals in the Madras Province 
and these are found on wheat, barley, oats, sorghum, cumbu and temp, 
fhese shall be considered one after anothex*. 
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Wheat ( TriUcum spp. ).— There arc tliree rusts, the stein l'tist or 
black rust. (Pucciv ia grnminxs) tUo stripe rust or yellow rust (P, glv~' 

■ oiarum ) and leaf rust or brown rust (P. triticiafi). The wheat, crop 
jr grown on an area of 12,800 acres of which nearly 2,500 acres are on 
the Nilgiris and Palnis. Small areas are grown to wheat in the districts 
of Coimbatore, Salem, Guntur. Tvurnool, Bellary and Aiumtapur which 
constitute the wheat growing areas of the province. 

All the. three kinds of rusts are provaleiit on the Nilgiris and Palnis, 
in the plains, however, yellow vust is not noticed. Of the lliree rusts 
the stem rust is considered to he, the most destructive. It occurs on 
wheat, barley- and oats. Bui. the rust occurring on oats is diffeient from 
those on the other two hosts in its host range. A very large number (> f 
biologic forms have been recognized in P. graminis iritiri (the wheat 
j’nee). Of these, five forms have been determined from South India. 
Besides the hosts mentioned above this rust, has been found on two eom- 
inon grass hosts on the Nilgiris, viz., Vulpia myuros and Brhn minor. 
The particular form found on these hosts has not been definitely deter- 
mined. 

Next in importance is the leaf rust of wheat which has been recorded 
from nil over the province. Very often the. damage caused by Ibis rust, 
has been under-estimated. In certain years it has been known 1o cause, 
hy itself considerable loss due to n reduction in the number and size 
of grains formed . Tn this rust also a number of biologic forms have beeu 
recognized . . 

Yellow rusts affects wheat and barley. But it. is confined in its 
distribution to Nilgiris and Palnis and does not occur in the plains. 
Under local conditions the damage caused by this rust is not much 
though in some foreign countries like. England and Germany it is con- 
sidered to 'be the most serious of the rusts on wheat. Several races have 
been distinguished ih tins specis also. 

Sorghum ( Sorghum ualgarc) . — This is grown over -1,800,000 acres 
in this province. It is infected by a leaf rust Puccinia purpurea which 
prod tiers reddish or purplish pustules on the leaf. The loss caused 
by this rust has not been correctly estimated. According to rite view 
it is said to cause- appreciable reduction in yield of grain while according 
to others the. loss. caused is very little as the rust appears late in the life 
of. the plant and is confined to the older leaves. The truth may he 
between these, two extremes and as in the ease of wheat rusts depends 
•n various factors. Tin’s rust has received very little attention in India.' 
It is known to occur on cniltivaled sorghums, 8. hahpense ami 8. rubancuac 
and is prevalent all over the world in the sub-tropical regions . 

1 Cutnbu — Bajra ( PcnniseUiui typhoidas ) . - The area under this crop, 
is 2J' million acres. There is a common rust Puccini a- penniscii through-, 
out this province causing the formation of enormous number of pustules, 
on the' leaves. As in the previous crop no correct estimate of the loss 
caused hy this rust is available but in some yea’s the severity of infection 
is bound to reduce grain setting. 
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Kona at Tcnai (•Selma italic «>.-Tlie eci-eal is grown ovoj./u , iim 
ol ono and talf inUlion aercs. It is sul.ojct to a vast J roinycca .setanof 
itaUcoc found all over the province . In «* ?«* the » lew. 

But in other (as in 1944-45) in the Ceded districts, it causes. complete 
destruction of the crop. The potential danger from this disease was 
recognized only then. For, even Butler states that it is pjpbablc that, 
this rust causes little damage partly because it appears late at about the. 
ripening period of the host plant”. It emphasizes the tact that rusts 
■which are obligate parasites are always a source ot potential danger 
though they mav appear to be harmless under certain conditions. 


Survival . — The rusts enumerated above, produce two kinds oi spores 
on the cereal host plan — the uredo and the telento spores.- .The complete 
life history or the alternative hosts for these, if any, have not been follow- 
ed in this province. The first of the two kinds of spores formed on the 
cereal host is really the important phase for the continuance of. the rust 
from one season to another as the other spore does not infect the eeieal 
host. The investigation on the viability of the spores under -different 
elimatic conditions prevalent in the country is not complete for all the 
cereal rusts. The uredo spores of wheat rusts are said to be killed by 
exposure to the high temperatures prevailing in summer on the plains 
of India. Dr. K. C. Mehta has put forward a theory that' the uredo 
spores of wheat rust over summer only in the hills of Nilgiris, Palnis. 
Central Provinces and foot-hills of the Himalayas and spread to the 
plains of Indin from these areas. More data and further critical investi- 
gations are necessary before this can be completely accepted. 


In the case of cereals like sorghum, PcnniscUim typhoids* and Sctarh 
italica " the information available about the viability of the uredo spores 
and method of survival is scanty and more often speculative. 

Control . — .Rusts are not easily amenable to direct control by the, 
use of fungicides. Though attempts have been made in foreign countries 
to dust the wheat crop with sulphur from aeroplanes to control the rust, 
the amount of success achieved and the cost involved do not warrant the 
adoption of such methods in this country. 


The more rational and prne.tie.nl method of control is by breed in 7 
resistant varieties of cereals. This is the method king exploited in 
other countries also. But it has to be home in mind that numerous forms 
-ex’iet in the rusts and to evolve a strain with desirable qualities and 
resistance to all these forms is a hard and tough job. Further, it is an 
eternal struggle as both the parasite and the host are living organisms 
capable of variation and change, so that continuous efforts have to he 
maintained. Breeding stations have to be organised in different parts 
of tlie province to taclde different crops. Fortunately a number of 
varieties exist in each crop which exhibit different degrees of susceptibility 
to - the rusts. F« r example, the alocal samba wheat on tije/hKlgiris h 
resistant to black rust susceptible to brown and yellow rusts.-:. Similarly 
among S’cfan'ci itahea, sorghum and Pf.v nisetum typhoides different strains 
exhibit differences in susceptibility according to field observation. * ' 
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These field observations alone ‘will not suffice. Actual study of the' 
parasite, its forms, the conditions for infection and the intrinsic resistance, 
of strains of crops by actual infection experiments under optimum con- 
ditions are necessary to enable breeding of resistant varieties. 

- The pathologist must certify to the desirability of a strain being 
multiplied. For this purpose the active co-operation of the plant- patho- 
logist -and' the breeder are necessary, ltelensing strains for multiplicn-- 
lion without passing them through infection tests will be waste 'of tinte 
and tenergy. New strains of crops spread without previous resistenee- 
tests will upset the equilibrium of hosl-parasite relationship' established 
in the tract and lend to serious epiphytotics. 

The necessity for a wheat breeding station on the Nilgiris has been 
recognized and proposals have been submitted for starting one for breed- 
ing resistant wheat. Similar works essential with regard to the other 
cereals also. For this puropse a cereal rust investigation officer has to 
be stationed in the province with laboratories in Nilgiris, Coimbatore 
and Ceded districts for sustained research on the resistance trials of the 
different crops. Ilis sendees must be utilized by the crop breeder to 
test the new strains developed before distribution to districts. 

Agricultural Department, K . M. THOMAS. 

Madras. Agricultural Mycologist.. 

16 th December 1947. 
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Subject No. 3 

CEREAL RUSTS WITH SPECIAL REFERENCE TO THOSE OF 
SET APT A ITALIC A AND THEIR CONTROL. 

The rust of cereals are a serious menace to the economic production 
of grain crops. Their destructive capabilities have attracted the atten- 
tion of scientific workers in all cereal growing regions of thd world and- 
provided an impetus to the advancement of our knowledge regarding the 
parasites responsible for the disease and their relationship with the hosts. 
The greater part of the progress made in the direction of studies on rusts 
lias been concerning cereal rusts, especially wheat rusts, which ,in all 
wheat-growing countries, under favourable conditions, more or Jess 
totally destroy the crop and prove to be an insurmountable bar to economic 
production. In India all. the wheat rusts, viz., black, brown and yellow 
roused by Puodnia gra minis irifici Eriks, and Ilenn., P. tnticiva Erih> 
and V. \ f/h maru in (Schm) Eriks and Henn., ravage the wheat crop. 

An estimate made about 40 years ago fixed the annual loss from this 
eausc to bp not less than Rs. 40,000,000. The recent researches ;of 
Mehta hove contributed greatly to our knowledge of rusts in India and, 
he considers the loss to be about Rf>. 60,000,000 from the crops tfheat and. 
barley. This will point out clearly the importance of the rmt problem' 





in this country . Busts on smaller grains have not attained the same 
importance as those of other cereals due, to the minor role of those crops 
in contributing to the supply- of the country and also to lesser virulence- 
of the disease, 

The rusts have a varied range of hosts and many of the forms are 
very* important being highly parasitic on economic plants. Advance made 
in the knowledge about the etiology, epidemiology and methods of control . 
is great, bul a detailed review of the work done is not attempted in this 
short, note. The methods of control suggested in various places as 
a result of thorough studies on the life histories and epidemiology of 
rusts are different. The discovery bha’, wheat rust has its aecidial stage 
on the barberry stimulated the destruction, of these alternate hosts -with 
a view to control disease, and in U.S.A. enormous efforts have been 
made in this direction. In Australia, barberry is uncommon, yet the 
incidence of rust in epidemic form lins been experienced and evidence 
points to persistence of these rusts from year to year in the uretlospore 
wage on volunteer plants and grasses growing in favourable localities. 

Mehta (17) after an intensive st udy of the cereal rust problem in 
India advocated the destruction, 1 to 2 months before sowing, of all “out 
of season" wheat and barley which carry over the rusts in all hills and, 
hilly tracts, suspension of cultivation of wheat, and barley* for a period 
of two or three years, in the hills, and also postponement of sowing to 
October as possible methods of control of rust epidemics in Peninsular 
India and Indo-Gangetic Plain. But there are practical difficulties in 
implementing these suggestions due to the huge financial loss involved, 
ftiid they have not found favour with the growers. Application of fungi- ' 
.cides like sulphur has been reported to be effective to some extent in 
checking the disease, but it lias not been found to be applicable to large 
areas or economically practicable or acceptable to the farmers. The 
possibility* of breeding plants resistant to disease as a suecesful solution 
qf the problem was not well realized until Biffcn in the early years of 
this century demonstrated the resistance to rust in wheat as a recessive 
character transmitted in the simple mcndelinn way. Thereon research’ ■ 
cn- various aspects of disease-resistance in plants lias been made, and 
with .the knowledge gained thus, it has become possible to synthesize varie- 
ties of plants * which can successfully* withstand disease. This method. , 
of disease control lias become particularly true of rusts, where ordinary* 
mechanical and chemical methods have not taken us far. due to the '* 
complexity of problems involved in epidemics (22). Breeding resistant " 
varieties of plants offers the best and cheapest method of disease control ‘ 
because of the greater efficiency and the reduction of labour and extra 
expenditure to the cultivator. 

Many authors have contributed to our present knowledge about the ' 
inheritance of disease resistance in plants especially* in the ease of wheat 
rusts. Biffen (2,3,4) and Nilson. Ehlc (18) observed susceptibility to’ 
Pucamia bUimarum to be dominant' in different forms of wheat anil that •’ 
in. the F generation there was transgressive segregation for resistance* - 
osd susceptibility*. Similar insults have been obtained b,v Pole Evans' * 



(19), Hayes, Parker and Kurtzil (12), Melchcrs and Parker • /(!£) < 

• Stakman (22) showed that various physiologic forms of the parasite Oiiisf 
And are again produced by mutation and hybridization (3) . This'fuithcr 
increased Die complexity of the problem of breeding for resistance 'but 
fortunately it has been found out by Goulden, Neatby and Welsh (10) . 
•Harrington and Smith (11), Neatby (ID), Reed (22) .Welsh (26) and 
Briggs (n), that reaction to each individual physiologic form is governed 
by an independently inherited element of the genotype, and lienee the 
/production of a variety resistant to the different physiologic forms does 
not involve the combination of resistance to individual forms from different 
typos hut to a group of forms governed by single genetic factor -or such 
factors which arc so linked that they act as -individual elements. 

That ibe react ions of the adult plant in the -field and those of the 
seedling in green house are inherited independently, and that 'homo* 
zygous lines could he evolved by combining seedling immunity and : fie.l(l 
resistance to rust in wheat was shown by Hayes, Stakman and Aamudt 
(13 *i, Goulrion (9) and Clark and Ausemius (8). With the help of The 
‘knowledge gained in these Studies great achievements liatfe been made in 
breeding plants resistant to the disease (15, 16, 17) . 

Generally breeding is resorted to, in combating disease, only in 
cases where other methods have failed and where disease assumes serious 
•proportions and cause considerable loss. The evolution of -a variety 
resistant to disease, though a process involving nmdh labour and expend} - 
turo in the initial stages, is about the best solution in tltei long run and 
the production of types combining disease resistance and desirable agrono- 
mic characters in the various cultivated plants should be one! of tin* 
main lines along which work has to he carried out. It will be seen that 
Hie large hulk of the work done on this problem pertained to wheat . 
.'Studies on resistance to 'disease an other cereal crops > are very '.meagre, 
fn India millets occupy the next important place as food crops after 
rice, and most of these come within the host ranges of rusts. Though 
relevant data on the loss due to this disease on the millets are not avail- 
able, rust has been found to he a serious disease in the case of some of 
these. Among the millets, Tcnai (Set aria italica ) is the most susceptible 
to this disease, and attempts made in tfiis direction of evolving varieties 
of Tcnai resistant to rust ( Uromyccs sctariac italica c) in Madras Presi- 
dency are presented below. 

The Italian millots (Tcnai) is an important crop in the Madras Presi- 
dency occupying about 4.6 per cent, of the total area sown -to crops. 
The total normal area under this crop is more than 1.5 million metes. 
Tcnai is generally consumed by the cultivating class only. Though it is 
.poor man’s food, in times of scarcity 'it serves as a good famine teser ,e 
and takes the place of other more important foodgrains. Rust, epidemics 
nu this crop are common in the. Ceded districts where it is mainly grown. 

The parasite causing the disease is Uromyccs sctariac italica (Diet) 
Yoshino. This lias been reported from all important Tcnai growing 
regions, llemmi (14) reports the wide distribution of this rust over 
the main island of Japan. Butler (7) has given an aecount of the biology 



«ud life history of the parasite as observed iu India. Brown \G) re- 
corded the existence of heterothallism in the fungus. But evidence w 
.locking on various other aspects of the fungus in causing damage to the 
crop. The meagre knowledge concerning the life history of the parasite- 
\md the epidemiology of the disease proves to be a great obstacle in de- 
vising measures of controlling disease . But as in other crops, the breed- 
ing of resistant strains seems to be the most promising line, and the 
preliminary results achieved are very encouraging. 

Experimental methods and materials . — With the object of isolating 
.« gtrain of Tenai resistant to rust a large collection of seed from the 
important Tenai glowing areas was made at the outset and these were put 
to test in the field. Three stations situated in representative centres, 
.viz., Hagari, Coimbatore and Ootaeamund were chosen as venue for the 
trials, as these places offered the representative climatic conditions. 

r * The experiments were laid out on lattice designs, with four replica* 

' tiona for the preliminary trials, and the selections advanced from these 
trials -were put in comparative trials in randomized blocks, with standard 
strains as controls. 

In the first year of the trial, the inability to culture the funga in 
vitro necessitated the natural infection of the crop to he taken recourse to 
-but in the subsequent trials, the diseased plant material collected from 
preceding trials, and crops of Tenai grown at intervals of 1 to 2 months 
to carry over the disease, supplied the inoculum. Inoculations were' given 
three weeks after sowing by spraying the spore suspension on plants 
under trials. In order to ensure infection and also to seTve as a source 
of inoculum by creating an artificial epidemic, highly susceptible types 
viz., S. I. 3396 and S.I. 3560 were sown in between the rows of the types 
on the incidence of disease in each type and yield were recorder and 
under test and also as belts around the blocks. Before harvest, data 
they were statistically analysed. 

Experimental results . — In 1944, the first jear of llie trials, 91 single 
. plant selections from the cultivated fields in Bellary and Anantapur and 
l.fivei from Agricultural Research Station. Guntur, were tested with H.K. 
23 and H.K. 68 as standard at Hagari. -Rust infection was not serious 
enough to damage the crop,, but no plant was completely free from disease 
But in 17 of the new selections and also H.3£. 68, the incidence of disease 
was less than in others. The 68 types studied at Coimbatore in the same 
year showed varying degrees of susceptibility, and 11 types which showed 
minimum infection were 'selected for further study. 

These 29 .selections which showed less incidence of disease and 52 
new ones were grown under irrigation at Coimbatore in the summer 
season of 1945. In seven of these selections the average lustiness was 
less than six.^ Among these, four viz., S.I. 3670. S.I. 3779, S.I. 3782 
a ?T, S . ,T> 375(3 were wgmficantly superior of the standard S.I. 523 in 
yield m previous comparative trials. Studies made at Ootaeamund an 
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the same season with twenty varieties, showed the following ranges of 
rust infection : — 

Percentage of infection. Per cent. Type. 


100 

G5 

40 

25 

30 


S.r. 544, S.I. 352 and S.I. 2970. 

S.I. 2067, S.I. 3781, S.I. 3782, 
H.K. 68 and ILK. 261. 

S.I. 3670, S.I. 3779. 

S.I. 523, S.I. 3223. 

S.I. 2980, II. K. 207, H.K. 218. 

S.I. 2470 and S.I. 3677. 


This work was continued further and the 8 selections chosen fo>- their 
high resistance and (M new types were tested in the monsoon season of 
1945. But the differences in rust resistance were not significant. 

In the succeeding summer season the 7 selections which had greater 
resistance than the rest and 15 selections obtained from Ilagari wvre put 
for trial. One of the seven selections S.I . 4054 was significantly superior 
to the rest in resistance. From the 15 new selections tested, 11 were 
taken for further trial. 

The third trial of the seven highly resistant selections of the previous 
experiments was conducted in the north-cast monsoon season of 1940. 
Observations made indicated that S.I. 4054 was the least affected by 
the disease, and in yield of grain it was second only to S.I. 3670. In 
the same season another trial was conducted under the sume conditions 
with eight new selections. 11-2 being the standard. In this test, S.I. 
4190 was the least susceptible and the highest in yield. 

The selections tested in 1946 were again put under trial in the sum- 
mer season of 1947 as an irrigated crop. The incidence of disease was 
only mild nt the time of ripening. The results showed that S.T. 405^, 

S.I. 3756 and S.I. 3779 were the least affected and that S.I. 4054 was 
significantly superior to the rest in gram yield, were the least susceptible 
and S.I. 4316 was significantly superior to the rest in yield 

Conclusions . — As a result of these trials, the degree of variability 
in susceptibility to rust of different strains of StUiria Halim have been 
clearly observed . It has also been possible to isolate a few strains — one of 
which S.I. 4054 is highly resistant, to the disease and a good yiclder too. 
Ful her work is in progress at Ihe Millet Breeding Station, Coimbatore, 
and other centres to evolve strains which combine high yield and resist- 
ance to rust, by selection and hybridization. The genetic aspeet of 
assistance to ms't in the Italian millet is also under pursuit. 

Lacunae in the present knowledge about the physiology and life 
history of the parasite serve as drawbacks in the production or inoeuluit 
and artificial epidemics to sfudv 1h« resistance of varieties. TIcnca 
further research on those aspects of the disease is absolutely necessary in 
iWisinsr methods of control. 

M&ICAlt 
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Subject No. 3 

The conthoii op wheat busts bv breeding by B. P. Pae, Head op ThE 
Division op Botany, I. A. It. I. 

Introduction. 

The importance of breeding resistant varieties as a method >>C wheat 
i'ust control is now well recognised and Chester (1946) in his compere- 
Jicnsivc book on cereal rusts affirms that “The breeding of cereal varieties 
that are resistant to rust is at once the most certain and effective, tlnd 
the most economical means of checking he" ravages of the cereal rusts”* 

Breeding of wheat for rust resistance may be said to have originated 
With the pioneer work of Farm* at the close of the last century ; this 
work was so encouraging that rust resistance as a measure of rust control 
Was well established in Australia. In the early years of this country, 
Biffcn at Cambridge applied the newly re-discovcred Mendelian principles, 
of heredity to breeding wheat resistant to yellow rust. This was follow- 
ed by very intensive work in other countries, especially in the United 
States of America and Canada. 

The subject of wheat rust control by breeding and the progress 
achieved have been competently reviewed several times in recent years 
("Waterhouse 1938, Wingnrd 1941. Neatby 1942, Auscmus 1943, Chester 
1916, Dastur and Pal 1947) and it is therefore not necessary to give a 
detailed review of the progress here. 

It is now Well known that the three rusts attacking wheat, (black or 
Klem rust caused by Puccinia graminis tritici Eriks, and Hcnn brown or 
leaf rust caused by Puccinia iriiicinia Eriks and yt-llow or stripe rust 
caused by puccinia ghnnarnm (Selim.) Eriks have differing tempera- 
ture requirements; thus yellow mst develops host, m comparatively cool 
weather while brown rust is adapled to slightly higher temperature and 
black rust is favoured by still higher temperature and black rust is 
favoured with some lower temperature ; adaptations to light and moisture 
also no doubt exist but. are less obvious. The distribution of the three 
rusts deflects their varying requirements, especially in respect of tempera- 
ture . 

A very considerable amount of knowledge baft been built, up regard- 
ing the three wheat rusts, thei” life, histories, genetics, etc., and also 
regarding the susceptibility or resistance of a large number of varieties 
of bread wheat and of allied species and genera. The more important 
facts and findings which are relevant to the present discussion will be 
referred to in the paragraphs that follow . 

The nature of rust resistance in wheat. 

When it was established by Biffen (1905) that resistance to yellow 
i*ust was inherited on a Mendelian basis, it was anticipated that, breed- 
ing for disease resistance in general and for rust resistance in particular 
would make rapid strides and that the knowledge now available regard- 
ing the genetic basis of plant characters would enable breeders to re- - 
ttjhce completely their ideal of varieties uniting high yield, good quality 
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of grain and a high degree of disease resistance. Although some 
successes were achieved the general experience as regards .breediug- for 
rust resistance was that the problem was more complex than it seemed 
to be in the beginning. Thus it was disconcerting to find certain varie- 
ties believed to be resistant behaving erratically from year to year, and 
different localities. The reason for such behaviour are now much 
completely understood. Amongst the important additions to knowledge 
of the subject in the present century are : 

(1) The demonstration by Stakman and Picmeisal in. 1917 that 
physiologic races -existed in the black rust fungus Puccinia gramini & 
tritici, which were morphologically indistinguishable from each other 
but which varied in tlieir ability to attack different varieties of wheat. 
At least 200 physiologic races of black rust arc now known (Johnson and 
Newton 1946) . Fortunately all these do not oeeur in any one country 
and all the 200 do not occur in nature, some having been produced in 
experimental hybridization studies. What has just, been stated appears 
to hold true generally for the two other wheat rusts also. At least 129 
distinct races of brown rust have been reported (Johnson and Newton 
1946 ; 47 races of yellow rust had been identified by 1939 in Europe by 
Straib (cited by Johnson and Newton loc. c it) exclusive of several races 
described by others. 

(2) The demonstration that fluctuations occur in the - relative 
abundance of particular races of black rust from year to year (Levine 
1928, Newton 1938, Stakman etal 1943 etc.,). Johnson and Newton 
point out (1946) that “the question of whether the predominant races 
of a region give way to other races is of particular interest to investiga- 
tions concerned with the development of new varieties because any such 
radical change is equivalent to a change* in the pathogenicity of the 
rust”. 

The distribution of the rao?s also varies in the different wheat 
growing regions of the 'world and there are rather pronounced pathogenic 
differences between those occurring in widely separated regions (Johnson 
and Newton 1946) . 

According to Johnson and Newton (1946) there is no evidence of 
any great changes from time to time in the prevalence of the various 
races of brown rust that are iu any way comparable to the fluctuations 
already reported for races of blackrust though new physiologic races 
appear now and then and gain wide distributions. 

(3) The proof that new races of rust may arise from time to -time 
by hybridization or by mutation (knowledge summarised by Johnson and 
Newton 1946). 

(4) The discovery that rust resistance may be of more than one kind. 
According to Stakman and llart (1936) there are at least three rather 
clearly defined types of resistance in wheat to Puccinia grartiinis tritici. 
The first or physiological resistance as it is usually termed acts in all 
stagrs of plant growth, and is the result of incompatibility of the host 
and the pathogen resulting in killing of the cells of the former by the 
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flings and the consequent death of the latter itself. The second type - ' 
of resistance width lias been studied mainly in relation to black rusts- 
does not express itself fully until heading time or later and unlike physio- 
logical resistance, is apparently effective against all known sphysiological 
races. It appeal's to be due in certain varieties to morphologic characters 
such as the greater development of Sclcrenchymatpns tissues as the plant 
matures which limit the ureas in which the fungus can grow Hurt (11131) . 
The other type of resistance which is recognised in functional resistance 
and apparently occurs in some varieties which have characters {e.g., late 
opening of stomata) that make it difficult for the rust fungus to enter 
through the stomata. 

(5) The discovery that, environmental factors such as temperature 
and light may cure partial or complete breakdown of rust resistance in 
certain varieties. Thus Appel (1113-;)) found that resistance to yellow 
rust was great ely reduced by low temperatures ; Gassner and Straib 
(1934) also found the converse to be true ie., the high temperature in- 
creased the resistance of wheats to the same rust. 

On the other hand with regard to black rust Johnson and Newton 
(1940) found that reduction in light intensity tended to influence Hope 
wheat in the direction of increasing susceptibility and constant high 
temperature (75 — 80°) was capable of breaking down, partially or com- 
pletely, the mature plant resistance of this wheat, These authors also 
point out that mature plant resistance of certain varieties has been known 
to breakdown in Peru and Kenya where climatic conditions differ from 
those of North America. 

• 

(6) The demonstration that a few genes may govern the inheritance 
of resistance or immunity to a number of physiologic races so that as 
pointed out bv Nentby (1942) groups rather than individual races consti- 
tute the “units” from the breeder's point of view. 

In 1923 Anmodt showed that in a cross between Marquis and Kanred, 
of 13 physiologic races used, Kanred seedlings were immune to 8 and 
that a single gene governed the inheritance of the immunity to these 
eight. Goulden, Nentby and Walsh (1928) and Neatby (1931) revealed 
that the inheritance of seedling reactions to 18 races of black rust was 
mainly controlled by two pairs of genes in a cross between H-44-24 and 
Marquis. Many other studies have been conducted since. 

The statement above refers to physiological resistance in the seedling 
stare. Mature plant resistance may be quite independent of seedling 
resistance (Hayes, Stakman and Aamodt 1925; Goulden, Neatby and 
Walsh 1928) and there is evidence that at least in some crosses it may he 
inherited in a simple manner (Clark and Ausemus 1928, Neatby and 
Gouldeu 1930 and nayes ct al 1934). 

The Res nils already achieved in breeding for rnst resistance. 

Abroad . — Orton differentiated between disease-escaping, disease en- 
during, disease-resisting and immune varieties. A variety which while 
not truly resistant escapes diseases because of its earliness or some other 
reason limy be of considerable practical value ; similarly a variety which 
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though attached still manages to give a good outturn can also be of use# 
Keeping this in view, and also the facts that amongst resistant varieties 
various kill us of resistance occur, it is not possible to draw up a complete 
or an accurate list of the resistant varieties of commercial interest that 
have been discovered or bred. A partial list is however given below 5 
based mainly oil the summaries published in Plant Breeding Abstracts. 



Resistant to black 
rust 

Resistant to brown 
rust 

Resistant to yellow 
rust 

I. Vvlgare 

Saunders 

Ford 

Steadfast. 


Gabo . . i. 

Sword . ■ . . 

I. F. 293 


Chartor 

Hi 51 . . ■ . 

I. F. 301 


Kcndeo . . 

H-G22 

Frontieta. 


Yalta . . . . 

R‘622/2 « * • ■ 

Surprcsa. 


Celobratlon 

H .49 

Chinese 166 


Eureka .1 

Quivira 

Chinese 1G5. 


Euroka 2 . . 1 . 

Wabash . . ’ . . 

Rotor Sommorkolbon, 


Vesta . . . . 

TulUtt 3A/32 

T. Vavihvi, 


Webster .. 

Ardito . . . . 



Hofcd 




Febuab 

Vcronno 



Rapier . . . . 

Aurore. 


* 

Mabroolc . . 

122 D. I.. T(L) I .. 

Wester. 

Fultz. 

l 

Chnrgorod. 


117E-1G-. B. I ! .. 

| 

Konya. 

Lcsostopkn. 


117 B. 5. B. 2 j- .. 


Ul’janooka. 


117 K, 16. A (L) j .. 

Wheat! 

1 

Vorosilovskaja. 


217. 1.5. F (6) j .. 


Comanche. 


McMuraohy’s slelcction 


Odessa 13. 


Pilot 

Thatchor . . 

Apex 

H— 44— 24 

Kumed 

Kota 


Chiefkan. 

Kawralc (Kawrnle). 

duty** 

Mindum 

lumillo 

• • 

• • 

* » 

i • 

ST. dicoccum . . 

Khapli . . - . . 

• • 

• • 
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Resistant to 
Mack and 
brown rusts 

Resistant to 
blue k ;md 
yellow rusts 

Resistant to 
black and 
yellow rusts 

Resistant to 
all three 
rusts 

T. vulffure 

Hope 

Coto d’or 

Zomogrndka .. 

Klein Exito. 


Mediterranean 
8016— 03 

Cote d'or 

Zcmogradk* . . 

Klein Exito. 


Erythrospcrmum 
G. 19 

Erthrospormum 
0. 21. 

Fylgia 

Lutescens 

Ricuio 

162 Klein 167 

Klein Alberto 


11. 43 (U. S. S. 
M 

• * 


Pionorka. 


H. SO ( .. ) 

0 0 


Novo. 


Kcgont 



Ukrainka. 


Mida 

• • 


Reili 11. 


New that eh 

• 0 


Hybrid 431. * 


Austin 



Porvenoc Horan* 
ka. 


Wnrigo 



Arandamy. 


Sinvalocho M. A. 

% • 


T.fungicidum . 


Rival 

• * 

• • 

T. iimucouum. 


Renown 

• * 

• • 

T, timopheevi . 

T. durum 

F. P. 1. 116326 

41 — 16-3-3 
41—121 

Okla— 21 
Montana 

Cado . 

Coronation 

Henry 

Mercury 

Gaza 

Cnrloton 

Stewart . . 

• • 

• 0 

• * 

T. Sovielicum. 


India . — The need for rust-resistant varieties was realized in the 
first decade of this- century and work was actually started at Bombay 
Kanpur and Pusa. The earlier work in India was however carried out 
in the absence of the knowledge of the physiologic races present and of 
their relative importance and their fluctuations from year to year ; also 
selections were done on the basis of naturally-occurring rust incidence in 
the field. The result was that strains selected as resistant ( e.g Howard 
1933) proved to be susceptible when grown in other areas or when tested 
in later years under experimental conditions. 

However the earlier work was not entirely without value and certain 
of the strains produced possess physiologic resistance to certain races and 
a fair amount of mature resistance to all or most of 11m races occurring 
in India. The most rust resistant of the older varieties was N.P. 120® 
(Shaw and Pal 1936) bred at Pusa and Karnal, which combined very 
considerable resistance to yellow rust at all stages with a fair degree of 

* New Pusa — This prefix is applied to the strains bred at the Indian 
JVeril, Res. lust, these were formally know* as Pusa, or Imp. Pusa’ 
JT.P. J| strains. ' 
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mature resistance to all the three rusts. In the severe epidemic bf black 
rust last year in Central and Peninsular India the following wheats were 
reported to have fared well, especially the first named ; N. P. 52. N.P. 4* 
Xl\ IGu, Pb. C. 591 and Niphad 4. They must certainly be considered 
to be more rust-resistant than the majority of the improved varieties 
grown by the peasant. 

A series of new wheats bred by the author at the Indian Agricultural 
Research Institute was given a trial for the first time at a number of 
places last year when as jud mentioned there was a severe rust epidemic 
over a considerable portion of the Central wheat-growing areas. Uhden 
these conditions, some of the new strains did very well. The comparative 
yield of three of the most promising strains is given in the statement 
below : — 


- 

New 

Delhi 

Nagina 

Kanpur 

Alwar 

B&si 

Bean nr 

Pownr- 

khor. 

C.P 

N.P. 710 

121-23 

116-05 

110-88 

168-02 

223-72 

648-44 

683-38 

N.P. 716 





220-15 

620-24 

726-06 

N.P. 761 

■ • 


.1 

• • 

182-31 ' 

215-39 

« • 

666-72 

Control 

■m 






100-005 


(Pb. C. 

1 691). 

! (C. 13) 

1 1 

| (C. 13) 

(Local) 

j (Local) 

(Local) 

(A. 11) 


The very high increases contained at some places are abviously due 
to the greater ability of the new strains to stand up to the rust races 
concerned in the epidemic or in the case of N.P. 761 this may be attri- 
buted at least in part to its extreme earliness (it is slightly earlier than 
the earliest of the older, N.P. .wheats, which enabled it to fill its grains 
before the rust epidemic assumed its most destructive phase. 

Systematic breeding of rust resistant varieties was started 12 years 
lock based on the number of physiologic races found by Mehta. Since 
then some more races have been found. In wheat breeding wo-k abroad, 
the breeder has been mainly concerned in breeding for resistance to one 
rust only. In northern India we have all the three rusts to be taken 
into account. Work was started at Simla, in Bombay and in the Central 
Produces. At Simla the aim is to secure resistance to all the three 
rusts combined with other qualities acceptable to the cultivator. For 
this hybridization had to be done between foreign resistant varieties not 
suitable for direct cultivation in India and the best Indian wheats. 
Further as the object of the Simla scheme was to eliminate, at its source, 
the inoculum from the hills which infects the plains crop each year Both 
seedling and adult resistance had to be aimed at. This work is’ being 
done by the writer in collaboration with Dr. K C. Mehta 
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‘ Keeping the facte in mind, ' and the time when systematic breeding- 
work for rust resistance was started, the progress has hot been slow and 
has in fact been as good as anywhere else in the world. At Simla high 
resistance to all the physiologic races has been achieved Separately for 
each rust and the work is at a stage when synthesis of resistance to all- 
the three • rusts simultaneously is being attempted by means of double 
cross made on a large scale. The Simla .work is intended to provide 
rust resistant wheats for the hill areas only, (the portion of the scheme 
submitted by the Indian Agricultural Research. Institute elating to -the 
plants those collected by the Indian Council of Agricultural Research by 
whom the scheme is formed. 

In the Central Provinces and -Bombay, the work is concerned with 
resistance to black rust only which is ordinarily the dominant rust in 
those provinces . 

‘ Although Indian work is very limited compared to what has been 
done abroad it must be remembered that unlike the position in Canada,’ 
United States of America and other, agricultural-advanced countries' 
where the most progress in breeding for rust-resistance has been made 
resources’ in men and equipment devoted to this linq of work have been 
meagre. Only the Punjab had a full-time agricultural botanist (Cereal- 
ist)‘ working on the crop ; at the centre and in other Provinces wheat' 
breeding work has been conducted by botanists who. were in charge of 
a number of other crops as well. The co-ordinated rust scheme drawn 
up ’at the Indian Agricultural Research Institute and which with small 
modifications has been accepted by the Indian Council of Agricultural ' 
Research should be much to remedy this state of affairs and it is hoped 
that the scheme will be financed immediately and put into operation forth- , 
with . 

* t 

New resources available for breeding for rust resistance. 

In America in the earlier work it was found that certain wheats 
belonging to T. dicoccum and T. durum (i-e., the 28 chromosome group 
were more resistant to black rust than the vulgare varieties under study. 
^Crosses were accordingly made between these species and T. vulgare. 
^Although there was some difficulty occasioned by partial or complete 
sterility in some of the crosses specially these between T. vulgare T. 
dicoccum , and due to linkages between resistance and emmer and durum 
characters, it was found possible to transfer resistance from the emmer’.' 
group wheats to T. vulgare an outstanding example being MePadden’s 
cross between Marquis and a Taroslav emmer (McFadden 1930) which 
gave- rise to the well-lonown Hope wheat which along with other strain 1 
II. 44 from the same cross has been extensively used in N. America a 
rust resistant parent. Waterhouse (1933) referring to crosses between 
T. vulgar e and IChapli (T. dicoocum) mention^ that the vulgare variety 
Steinwedcl crosses more easily with the wheat species than other varieties. ' 
In recent years other species of wheat have also been investigated • m,ore 
thoroughly and special attention has been dra.wn to the Transcacasian* 
species T. Tiraopbeevi (ri=14) . According to Jplqib’zinpr (1933-34) this 
species is resistant toi all three rusts and Kostbff (1938) states that the-, 
investigations of Yavioy shof? th&t. f, U IffiRWnp fo 

W8I0A8 
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all' fungous diseases. Onr experience in India, however js that the 
species (or at least the two forms of it which are available) wllile highly 
resistant or immune to black and brown rusts can In* alt ached quite appre- 
ciably by yellow rust. (On the other hand T. Vavilovi winch is highly 
susceptible to black and brown rusts is highly resistant to yellow rust). 

T. Tcniophcevi does not easily cross with T. vulgar c but Shands (1941) 
has been able to do so, and Pridham in Australia has crossed it with tho 
vulgarc variety (Wenkoolz 1939) Pridham (1939) stated that 1.*. segre- 
great from this cross showed apparent immunity to both stem and leaf, 
rust. 

Although Straib (1937) holds the opinion that the related genera of 
Gramineac are no more resistant than the cultivated cereals this view lias 
not been shared by many others who have crossed wheat with rye, and 
related grasses such as Aejilops Ay ropy ran, Tlaynaldia etc., (Ivostoff 1935, 
Smith 1912 etc.) . The Wheat-Agropyron crosses in Russia have particu- 
larly attracted much attention and a useful summary of the work on 
intergenorio hybridization between wheat and Agropyron lias been given 
by Smith (3943). A detailed account of the rust-rcsistancc of the wheat- 
Agropvron hybrids does not appear to be available but it lias been stated 
that some of the annual forms from the tresses have complete resistance 
or even immunity to rust (Tzitzin 193S) 1939 (Vcrushkin 3935). 

The modern development of the colchicine technique for producing 
fertile mnphidiploids from crosses between species or gen’era that cross 
with difficulty or which give sterile hybrids lias been made use and 
several amphidipoids have been produced including the following — . 

Whcat-ryo (LebedofF 1033) 

T. Timaphrtvi — T. Jlonococcura (KostofT U)3Ga, 

— (T. Tiinococum 2h— -12. 

T. Timophwl — T. durum (Zhebrtik 1010 b). 

T. durum — T.— vulgarc (Zhcbrnk 1010 l>). 

T. Timophecvi — T. turgidum (Zhcbrnk 1911b) 

=T. Svictieum : 2n -=00) 

T. Timpphheevi— T. vvlgnrc (Zhcbrnk 1011 h). 

Detailed rust reactions of the prognev are not available to the writer 
but Kostoff (1938) states that T. Timococnnn is completely immune to 
all fungus disease. It is also slated (Ann. 1914) that T. Sovicticum is 
resistant to most fungus diseases. Zliebrak (1944) points out that the 
ampin diploids of T. Timophecvi are not fit for immediate introduction to 
cultivation but are useful for plant breeding. 

In India interspecific crossed between T. vuJgarc, T . durum, and 
T, dicoccum have been attempted in the C.P., also in Bombay by Kadam 
™ Qiso used / * Thnojthccvi as one of tho parents. 

Tl L fl1 e Punjab, Ram Dhan Singh tried to cross wheat, with barlev and 
rye: The latter was successful but the F, was sterile, Most of the* work 
on ^interspecific and intergencric crosses has naturally been done at tho 
Inuiaii Agricultural Research Tnstitnte and its substation at Simla. 
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.There a v,ery large number- of interspecific, and .intergeneric cresses 
.have been attempted since 1936 - 37 . These. studies have yielded useful >in- 
£01111811011 regarding the crossability of different speeies and genera, fer- 
tility of the hybrids and the relative, utility of the progenies from practi- 
cal and the fundamental viewpoints. Below is given, a list of interspecific 
and intergeneries crosses where genuine Pi hybrids were obtained. 


Intergonorio 

Fdnxalo paront 

Male parent 

Remarks 


I. Trilicum vulgarc (N. 
P. 4) (N=21) 

Sccalc ccrcak (rye) 
(N=7). 

A Solitary seed Was 
obtained from a 
fairly largo number of 
FI plants. 


2. T. vulgarc (N. P. 105) 
n<=21). 

Acgilops candata (N= 

= 14). 

Do. 


3. T. sphacrococcum (N 
—21) Indian dwarf 
wheat). 

Sccalc ccrcalc (ryo) (n= 
=7). 

completely sterile. 


4. T. dicoccvm (KImpli) 
(n=14). 

Sooalo oorealo (U=7) 

1 

Completely sterile.' 

: 


5. Acgilops triuncialis 

Soealo ceroalo (n=7) 

Completely sterile. 


0. A. vcnlricosa (n= 14) 

Socoloeorealo(n=7) 

Completely sterile . 


C. A. caudate (n=14) 

T. aogUopoidcs (n=7) 

Completely sterile. 

Inter 8pocifio 

1. Trilicum monococum 
(Einkom) n=7 

T. Timophccvi— {n—li) 

Complotoly Bterilc. 


2. T. durum (n= 14) 

T. Vulgarc (n=21) 

Fairly highly fertile. 


3. T. durum (n=14) 

T. Yavilovi (n=21) 

Fairly highly fortilo. 


4. T. durum (n = 14) 

T. dicoccum (n=14) 

Fully fertile. 


5. T. dicoccum (n=14) 

T. vulgarc (n=21) 

Fairly highly fortilo. - 


0. 7’. Timpltccvi (n— 
14). 

T. monococcum 

Completely sterile. 


l.T. Timophccvi (n=14) 

T.yulgarc (n=21) 

Completely. 


S. T. pnlonicum (n— 14) 

T. Yavilovi (n=21) 

Fairly fertile. 


J). T. vulgarc (n=21) 

T. sphacrococcum (n= 
21). 

Fully fertile. 


10. T.Uvulngro (n=21) 

T. Vavilovi (n=21) 

Fully fortilo. 


11. T. Spoltd (n— 21) 

T. Vavilovi (n=21) 

Fully fertile. 


From the above it would' appear that some of the rust resistant species 
of Trilicum referred to earlier viz., T, Timopliecvi (resistnnt to nil the 
'rusts), T. dicoccuvt and T. durum (resistant to black rust,), T. Yavilovi' 
•(resistant to yellow rust) have been successfully crossed with T. v.ulg&rb 
(common bread wheat)' or: other species crosses ’which may'indirectly prbtfe 
.useful, -in (breeding for , rust-resistance / ’ From’ sOmo'of- these fertile ci’ossdS 



•246 


^Promising selections have been made which show high resistance 'to cw* 
-i"iairL individual, rufsts combined with good ear and grain characters.-” But 

- as has been indicated before our objective is to induce resistance to' three 

- rusts simultaneously. This however it has not been possible to achieve 

; from this material. ‘ 

From amongst the intcrgeneric crosses mentioned above- -two, viz., 
Wheat X r 3' e and wheat X Acgilops have been. studied up to seven gene- 
rations starting with a solitary F« plant in each case. The selections 
from these crosses have also been tested for adult resistance by means of 
artificial epidemics. Though some of these liave shown resistance to ond 
*° or more rusts they possess certain other characters such as laic maturity, 
week straw etc., which render them at present unsuitable for commercial 
pin-poses.- It may, however, ‘bo mentioned that these crosses have yielded 
some interesting genetic variability for further lisc. 

The outlook. •_ 

It has been made clear that the problem of overcoming the wheat 
rusts is one of great magnitude and complexity. Three rusts, each capublc 
of completely destroying fha wheat erop occur ; further within these a 
large number of physiologic races occur and new races may arise as the 
result of hybridisation or mutation. Thq degree of resistance to the 
rusts desired to afford complete protection to tlic grower has to he obtained 
from a number of species some of which only cross with difficulty or 
give rise to sterile hybrids ; again the resistance ma 3 * he linked with 
undesirable characters. Also as has been pointed out, di/femt types 
of resistance occur and some of these affected by factors such as tempera- 
true light, etc., it is probable that as many of these ns possible should 
be combined in order to obtain wheats which will maintain their resist- 
ance over a range of conditions. 

On the other side hopeful features exist such as the fact that resist- 
ance to whole groups of physiologic races may be controlled by a few 
genes inherited comparatively singly, and thnt mature plant resistance 
found in certain varieties usually embraces resistance to all the races of 
a rust. Also with improved genetical technique new sources of resistance 
have become possible such as tho related genera of the Gramineae, and the 
amphidiploids such as F. Timococcnm which have been artificially pro- 
duced. In India there are further redeeming features in the situation 
in that the total number of physiologic races occurring in the country is 
small (Mehta and Pal 1940), and Mehta (1940) has pointed out that 
. the number is not likely to increase much as the alternate hosts of the 
black and brown rusts (no alternate host is known- for yellow rust) do 
not appear to play a part in the perennation of these rusts, and hence 
the danger of new races arising in nature as a result of hybridization is 
■'Negligible. ... 

r i 

i It is evident that one of the reasons why much headway' has not been 
?made in India in breeding for rustlresistanee is that until about twelve 
. years ago the necessary knowledge about the physiologic racet occurring 
in .the country and the means of testing ’varieties against them was not 



' b Variable'.'-.- Even after that the work has-been p^aotieeilijr'i&trid^eii'. to 
three centres, viz., the Simla substation {where varieties suitable for the 
resistance to all the three rusts in all stages of the plant’s growth 
were required and in Bombay and C.P. where the problem is simpler 
and only resistance to the black rust in the adult stage is : mainly - re- 
quired. 


It must be emphasized that work of this nature cannot be successfully 
carried out as one of the lines of work of a plant breeder who has also 
to look after work on a number of other crops. In the countries where 
, most success has been achieved, wholetime organizations, devoted, to.tlie 
.'problem of the cereal rust and their control exist. Tile co-ordinated 
wheal scheme already referred to is an attempt to remedy the situation 
by providing the essential staff and equipment required, keeping in view 
the limited financial resources of the country. It ‘is hoped that the scheme 
-will be brought into operation without delay for reward 'of .Successful 
• work on the control of the wheat rusts is exceedingly great. In Canada 
Neatby .(1942) was able to say, as a result of the successful breeding pro- 
gramme, that “conquest of stem rust of wheat in the hard red spring 
wheat area of Canada and adjacent states is for the time being at least 
. complete. ” Let us hope that inside of a decade we may he in a position 
to say tlie same about the major wheat-growing areas of our country. 
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rt*w vo:Vc «•* • Subject No. 3 * ■ 

• *. 2 1<» CEREAL .BUSTS AND THEIR CONTROL. - 

R. B. Ekbote and K. R. Sahaspralmdhe, Wheat Research Station, 
Powerkhera, C. P. ' 

- Pew diseases; if any, of the cultivated crops in India, 'are so menacing 
as the wheat rusts. In Central Provinces and Berar, where black stem 
.rust, Puccinia tframims' iritici, is' of common occurrence, the damage 
sustained by the crop is considerable. In the last two destructive epi- 
demic years,. 1943-44 and 1946-47 the loss was of the order of Rs. 4, 
and- 17 '■crores respectively . Although the damage in the latter year 
was, unprecedented, every third or fourth year the crop, suffers < 
the same extent, more or less, as in the year ’ 1943-44 . TheJ fact that 
there is almost a complete lack of irrigation facilities in the 'wheat grow- 
ing areas, may lead one to infer that moisture deficiency is the limiting 
factor in wheat production in the Province. It has, however, been 
observed that wet growing seasons are as nnfavourable as the dry seasons 
and in some years even more. "Winter rains do prove beneficial. to the 
crop growth but they also induce severe infection of rust, with ' the 
result that seasons which appear favourable turn- out calamities in the 

end. • . 

* 

1 2. Accordingly to Dr. K. C. Mclita, the annual outbreaks of stem 
rust in Central’ Provinces and other parts of the peninsular India, occur 
as a result Of oyer summering of the disease oh the monsoon wheat crop 
grown in the Nilgiri and Palni Hills in South India. By the time the 
normal crop, is sown there is abundance of rust inoculum on this off-season 
crop, which is bloom by wind to Mysore Bombay, Hyderabad and Central 
Provinces. In this view, suspension of cultivation of this rainy season 
\vhdat crop 1 , which is the source of infection would control the rust 
epiphytotics in peninsular India. Recently in the- course of a survey 
undertaken for the search of collateral hosts, a wild grass, Vulpia mysuros 
was found infected with this stem rust. This discover}’ has an import- 
ant bearing on the control measure advocated by Dr. Metha. If th« 
off-season wheat crop is not the only source, carrying the disease from 
one season to another suspension of its cultivation, by itself is not enough. 
At the most., it would reduce the amount of rust inoculum causing initial 
infection of the normal crop . Subsequent progress of the disease would 
depend upon weather conditions. While contemplating the control 
measure recommended by Dr. Mclita tbe role of Yulpia my uros, and 
other collateral grasses if there be any, in causing rust outbreaks, must 
be properly assessed, for which sake a thorough survey of the wild 
grasses must be undertaken in Nilgiris Palms, S-atpuras etc. In the 
mean time substitute crops may be recommended for cultivation in place 
of the monsoon grown wheat crops. 

3. As regards phrophy lactic measures, viz., dusting of sulphur or 
kolodust, the experience- gained in the other wheat growing countries 
js not encouraging. The dqse of the fungicide tipae and number of 
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dustings depend upon the intensity of infection and ■weather conditions. 
Besides the cost involved has been found to be prohibitive. This method 
of control of rust on a large scale is therefore unfeasible. It may how- 
ever be possible to undertake this measure; for protecting seed areas to 
ensure adequate seed supply for future sowing. The details aud ex- 
penditure involved will have to be worked out. 

4. Cultural practices such as early sowing, phosphatic manuring and 
cultivation of semi-resistant or rust tolerant varieties like M..P. 52 he 
recommended to minimise the damage. In Central Provinces,- early 
sowing and growing of M.P. 52 and other rust tolerant wheats have 
been found to lessen the damage. 

5. The most effective and feasible means of combating this dreadful 
disease is the breeding of frust-resistant strains. This work, which is 
full of promise should be intensified. Considerable progress has been 
made in U.S.A., Canada, Australia and varieties possessing high degree 
of field resistance havq been produced and cultivated on a large scale. 
There have been a few eases of breakdown of the rust-resistant wheats, duo 
to the appearance of new races, to counteract which possiblity, breeding 
investigations are continued to build up new strains. In India, where 
the rust fungus perpetuates only in the vegetative stage from year to 
year, the possibility of new races of biotypes springing up ns a remit 
of hybridization is little. Mutation may occur in the existing races hut 
not to any appreciable extent. It is therefore time that adequate funds 
and facilities are provided to undertake this universally aclaimcd method 
of rust control on a scale commensurate with the area, frown under 
wheat and the extent of loss incurred. In each affected province or 
state, there must be couply of breeding stations to speed up the desired 
results. Along side, identification of races by analyses of large samples 
of rust must be undertaken at a number of stations and the fundamental 
problems of mutation, disappearance and re-appearance of races relative 
viability of different races at different temperatures and humidity, their 
incubation period and relative virulence under natural cpuhytoiic 
inci den ce investigated . 


UGICAR 
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•SUBJECT No. L 

-MODEL VILLAGE DEVELOPMENT SCHEME. 

(S. Abdul -Hassan, M.BfB., Khan Bahadur President, Court op Wards 

,u.p,o 

Consolidated Farming. 

The Crops and- Soils Wing- of the Board of Agriculture and Annual 
Husbandry in India examined the question of increasing production 
of .agricultural commodities and recommended that steps should he 
-.taken to introduce consolidated farming in milages so as to save labour 
.and increase .production by timely tillage operations, bunding, sowing 
■at the right time, irrigating jointly, controlling pests and diseases, hard 
vesting, at the .proper time, and marketing jointly. The yields obtained 
ii om such farms were to be compared with those from ordinary methods 
nf .farming where feasible with those of consolidated farming. The 
Imperial Council of Agricultural Research wrote to Provincial Government 
in July 1944 expressing the hope that the Provincial Government will 
take action on the lines recommended by the Crops and Soils Wing of 
the Board of Agriculture suid Animal Husbandry in India. They ex- 
plained that, the term “consolidated farming” denotes a system in which 
cultivators in a village agree to grow each main crop in one or more con- 
solidated .blocks .instead .of in .scattered fields as is the common practice 
now . The cultivators would so arrange their croppings that each would 
sow liis crop in fields adjoining the field of his neighbour under the same 
crop. The Provincial Government consulted the Court of Wards about 
the possibility of. consolidated farming. I undertook to carry-out the ex- 
periment. ^ In consultation with the local officers l selected village Sartlrua 
belonging to the Gopalkliern estate under the Court of Wards in district 
Lucknow. 

Genesis of Dcvcloimcnt Scheme, 

2. I had already prepared a plan for general agricultural improve- 
ments in Court of Wards villages mainly by taking advantage of the 
activities of the II. P. Agricultural Department as explained in my 
pamphlet “Planning of agricultural improvement in Court of Wards 
villages ” The move made by the Provincial Government regarding 
the possibility of consolidated farming offered a fresh opportunity for 
initiating intensive work. The need for increasing agricultural pro- 
duction is new universally rccoani.srd and no n”gmnents are required 
’in support of it. While examining the possibility of introducing consoli- 
dated or block farming in village Sartliua I thought it was first necessary 
to i>tudy the economic fealures of the village and then to prepare a 
comprehensive scheme for agricultural development' which enn be trans- 
lated into practice without much difficulty in co-operation with the agri- 
culturists. The experiment which has been made in described in th'o 
’following paragraphs .and the experience which has been gained lias 
•seved material for a model scheme which might well be tried .in other 
similar villages. 



254 


Economio Features of Village Sarthw , 

8. (i) A short description of village Sarthua and its economic features 
luoy be given._ The village is situated about 12 miles southeast of 
Lucflcnow. The Utratia-Goshainganj distributary of thje Sarda canal 
runs just outside the northern boundary, while the Lucknow. Nagram 
unmctallcd road passes through the east of the village. The nearest 
railway station lies at Utratia about 14 miles from the village. The 
Government seed depot is about. 4 miles off. The village is readily 
accessible from the city of Lucknow. The gross rental of the village 
is Ks. 2,208 and the land revenue payable to Government is Rs. 540. 
The total area of the village is 564 acres of which 254 acres is cultivated. 
The eastern half on cither side of the Lucknow-Nagram. unmetalled road 
consists of inferior cultivation intorspersed with usar patches and rice 
depressions which grow both early and late rice. The south-west, north 
nnd north-west and the centre have fair blocks of good level loam which 
grows rabi crops after early rice. The low land is liable to flooding 
by - the. neighbouring jhils during heavy rains. The irrigated area is 
125 acres of which 65 acres is irrigated by canal and 60 acres by tnnlcs. 
There are 18 masonry wells of which 9 arc used for irrigation. Accord- 
ing to the soil classification made at the last settlement of the village 
in 1028 the distribution of soils is as follows : — 

Lonni 

Class I , . 

Clnss II .. 

Class III 

Class IV . . 

Kkfoflti rico 

Others .. . . •• •• •• •• •• •• 1 

The tenants are mostly Lodhs. The nest in order are Pasis. 
There arc 114 families living in the village. Of them 72 are principally 
dependant and 11 party dependant on agricultural while 31 have got 
no land at all nnd have to earn their livelihood by other occupations. 
In addition to 83 dchi or resident tenants mentioned above there are 
18 pahi kasht or non-resident tenants. The area cult rated by pahi kasht 
tenants in this village is 16 acres, while 17 tenants of this village 
cultivate 32 acres land in other villages. The average area of the hold- 
ing of a resident tenant works out to 5.3 bighas (3.3 acres) which 
is much bejtow the average of 7.8 bighas (4.9 acres) in the Lucknow 
District. This is due to the high density of .population in this village. 
The main crops are Tice and wheat with a fair proportion of vegetables. 
The cultivating tenure is a complex one. Out of the 108 khatamn. 
khatas, 89 are held by hereditary tenants, 14 by under-proprietors and 
5 by muafidars. The vast majority of the land is held by hereditary 
tenants. In brief, the population is high, the tenants are mainly Lodhs, 
the soil is good loam, the holdings are small and the facilities for irriga- 
tion good. 
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(ii) Distribution of holdings — The size of the holdings of resident 
tenants is given below : — 


Area (in aoros) 

Number of 
tenants 

Total aroa 
held (in 
acres) 

Percentage 
of tenants to 
total numb- ' 
or of tenants 

(t) 1 to 24 

42 

G6 

51 

(if) 24 to G 

30 

114 

36 

(iff) 5 to 74 

7 

44 

8 

(i*) 7J to 10 

• • 

• ■ 

• • 

[v) 10 to 124 

3 

34 

4 

(«) 12J to 15 

• • 

• • 

• • 

(tui) 15 to 17} 

1 

10 

1 

Total 

83 

204 

100 


The holdings of ubout half the tenants are tiny and average only 
1.3 acres per tenant’s family. The next largest group, j'.e., more than 
l|3rd, consists of holdings between 24 to 5 acres with an average of 3.8 
acres per holding. There are only 11 tenants, l|8th of the total number 
of tenants, who have comparatively large holdings exceeding 5 acres. 


(iii) Cattle Stoek~The following table gives details regarding cattle 
stock of the village : — 


Bullocks U!=cd in ploughs 
He-buffnIoes used in ploughs 
COWS . . . . . . 

CiiIvm and heifera 
Sho-buflnloos 

Sheep nnd gonts .. 

Ploughs 

Curts .. 


120 

14 

30 

68 

40 

36 

67 


The distribution of holdings may be studied in relation to cattle 
stock. There are 10 tenants who have two ploughs and two pairs of 
bullocks each. This corresponds to substantial tenants whose holdings 
exceed ;> acres each. There arc 46 tenants possessing one plough and 
one pair of bullock or one pair of lie-buffaloes 39 with one pair of 
bullocks and 7 with one pair of he-buffaloes each. Two tenants have 
one bullock each with a plough in common between them. Out of 83 
tenants in the village there are 58 who have ploughs and bullocks as 
stated above while 5 live jointly with others. There are 20 tenants 
who have no bullocks at all and have either sub-let tlieir land on batai 
or depend on hired bullocks for their cultivation. The latter arc those 
who haw got very tiny holding loss than acre each. It is obvious 
that Hu cultivation of land by tenants who have no ploughs and bullocks 
is but indifferent. 


There is a wastage of bullock power in the village. The number 
of bullocks increases with the number of cultivators while the average 
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ssize of holding decreases with an increase in the average number of 
cultivators. In order to determine the wastage in bullock >powcr,. cattle 
.wejre classified in 3 grades according to their working capacity. In 
grade A were put cattle which are capable of working a holding of 6 
acres in a year, in grade B those who could do 5 acres and in grade C 
only 3 acres. The following table shows the number of cattle of each , 
grade with their working capacity in acres : — 

Grade Pair of cattle Cultivating 

capacity 
(in acres) 

A «• • • « • •• *t • > t • 16 90 

B i * •• a* • a a. ■ • * « 32 160 

Caa * • •• • ■ • • aa aa 12 « 67 

Total . a 60 307 


Thus the total area which could be cultivated by 66 pairs of cattle 
is 307 acres while the total cultivated area of the village is only 254 
acres. There is a theoretical wastage of bullock power in this village 
but a number of bullocks are decrepit and semi-starved and have little 
working capacity. Nevertheless they are fed for all the twelve months 
to work ordinarily for not more than 110 days a year consuming the 
much needed fodder. There are practical or sentimental difficulties. 
A pair of bullock has to be maintained because plough cannot be done 
only by one, individualistic instinct and the distrust of the neighbour 
arc deeply rooted. In spite of the small size of his holding, a cultivator 
prefers an inferior pair as he cannot find work for a better one even 
though he can afford to purchase and feed one ; then the bullocks have 
to be maintained throughout the year because the work on the bolding 
is intermittent and there is no other work on which cattle can be utilised. 
The number of carts is very small and the spare time of the bullocks is 
not fully utilised in running those carts. 

The position of milch cattle in the village is extremely unsatisfactory. 
There are 30 cow and 40 she-bnlfalces, total 70 — most of them half- 
starved and useless. The toral yield of milk is 65 seers per day and 
about l|3rd is taken to Lucknow and sold there. The milk supply 
is errossly inadequate for a village consisting of 545 inhabitants of whom 
boys and girls alone number 267 The obvious solution would be to 
replace the unnecessary number of bullocks by cows or ske-buffaloes. 
This will not affect the fodder supply but would certainly increase the 
yield of milk which is so much required for the health of the people. 
The wastage in bullock power could be avoided by group farming which 
>wonlrl be rvpla’ned later on. 

Formation of Consolidated Blocks. 

4. Unfortunately there was no precedent regarding consolidated 
farming in these provinces and there were no reports which served as 
r a guide Any scheme of agricultural improvement which may be intro- 
duced in an agricultural year commencing from July 1, has to be worked 
out long before the commencement of the year. It was proposed to 
introduce consolidated farming in village Sartliua in the fasli year 1953 
. commencing from July 1, 1945. A special siaff consisting of an inspector 
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of agriculture, two kamdurs and a muharrir was- appointed in February- 
1945 •. Tlic cost' of the staff and contingencies was provided 1 by the PrflV’ 
vincial Government. The preliminary work regarding the preparation- 
of .records was- stai’ted in that month. There was somte opposition on 
the part of tenants- in the beginning but it w.as overcome when they 
realised. what the scheme was and what benefits it was likely to confer. 

The- formulation of proposals regarding consolidated farming- pre»- 
sented practical difficulties. The selection of a compact block in which 
the same crop was to be principally sown had to be made. This could- 
not be done at random. The entire cultivated area was carefully 
inspected with the help of the soil classification map prepared at the last 
settlement of the district in 1928. It was necessary to know whether a 
field- in a -block was suitable for the crop which was to be' sown in the block; 
The khasra or field book of the village was prepared in a tabular form 
showing the chop- sown in each field during the last three years, i.c., 
1350 to 1352 P. The fields wliich were irrigated were marked. The 
soil classes were entered. All homogenous land of similar quality, was 
grouped in one block. For instance, from the block marked for early 
rice and wheat, high-lying and low-lying lands were excluded. The 
land of light soil was grouped separately. The requirements for fodder 
for cattle were not ignored, and tenants had to he accommodated to 
provide for special conditions. When a tenant’s holding consisted of 
only one plot and was situated at the exftremitics, it was excluded as 
far as possible so that he may grow a crop of Ins own choice. In this 
village a fair area of vegetables is sown and is very paying owing to 
the proximity of the village to Lucknow. Hence no restriction' was 
imposed on vegetable ‘cultivation inside the blocks. In the course of 
experiment in a subsequent year, the year in which a field was manured 
during the previous three years was noted down after local enquiry to 
determine the extent to which land was manured each year and to'plan 
out the system of manuring in future years. 

Tlie blocks were carved out in consultation with the village people 
having regard- to the suitability of the soil for crop. They were marked 
on the soil classification map of the village to show at a glance whether 
tlio proposed block was generally suitable for the proposed cropping. 
A certain proportion of laud which was either scattered or was outlying 
was left out partly because it could not form part of a compact block 
and 1 partly to enable a tenant to make up for any deficiency in the area 
of any particular crop which might have resulted in an individual hold- 
ing owing to consolidated farming. There are 12 tenants whose hold- 
ings ' lie entirely inside the blocks ; 13 avIioso hoi dings -lie wholly outside 
the blocks ; and the remainder have their holdings partly inside and 
partly outside the blocks. The area of tlie land inside the blocks as 
Well as that outside the blocks for each crop was totalled and precentagos 
struck in order ' to compare them with the average distribution of .crops 
in" the previous ' three- years . This was necessary’ to determine whether 
. there had been ah'improVCment or deterioration -in the system of cropping 
ahd 1 whether’ the 1 'crop economy of the village' had ? not be'Jh disturbed-* 
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The proposals ■were published in the village for objections but none were 
received as the blocks had already been carved out in consultation with 
the village people. 

The total cultivated area of the village is 254 acres out of which 
10 blocks as shown in the map have been made with an area of 151 acres. 
Thus about two-fifths of the cultivated area of the village was excluded 
from the blocks. The area of the blocks and the crop sown therein are 
shown in the following table : — 


Serial 

No. 

% 

Name of Hook 

Area of 
blook (in 
acres) 

. 

Crops 

sown. 

Kharif 

1353 Fasli 

Rabi 1353 
Fasli 

1 

A • • * * • • • • 

48-0 

Early rice . . 

Wheat. 

2 

S • • •« •• •• 

10-0 

Late rice . . 

Gram. 

3 

O' •• •• •• •• 

13-7 

Juars-arhar 

Arhar. 

4 

D •• •• • « • « 

8-8 

Early rice .. 

Barley, 

6 

E •• •• •• •• 

19*4 

Fallow 

Wheat, 

6 

F/l •• • • •• » • 

6-0 

-Early rice . . 

Gram. 

7 

F/2 •• ■« •• •• 

8-2 

Late rice . . 

Do. 

8 

0 a 4 a « •• « a 

18-8 

DO» a ft 

• • 

9 

H a a aft • • •« 

11-2 

Fallow 

Wheat. 

10 

I aa aa •• a 1 

6-9 

Sanai for green 

Do. 




manuring. 



Total 

141*0 




The cropping has to be planned according to proper system of 
rotation. There are three blocks in which early rice was sown in kharif. 
It was followed in rabi by wheat in block A which is the best and most 
fertile block in the village and lies adjacent, to the abadi : by barley 
in block D and by gram in block FJl which has stiffer soil. There are 
three blocks of late rice. In two of them gram was sown in rabi while 
the third which was low-tying is only fit for ekfasli crop. There was 
only one block of jtuar-arhar,; There were three blocjks whi)ch were 
meant for wheat. Of them two were fallow in kharif and the third was 
sown with sanai for green manuring. It was not possible to reduce -the 
number of blocks otherwise the rotation of crop would not- have hteeto 
ensured, 













. .Justification of Cropping Inside ’And Outside The Block 

' * 

. The proposed oropping both inside and outside blocks lias to ba justified. The distribution of crop is 

shown in the accompanying table. 
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total area. 
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Based on the three years’ average (1350 to 1352F) the main kharif 
corn of the village are early rice (19.7 per cent) and late rice (20.4 per 
cent. ) folowcd by juar-arhar (11.8 per cent). The main rabi corp is 
wheat (28.7 per cent.) After a big drop comes gram .'(with 8.4 per Cent.) 
The area under vegetables which is the most lucrative crop is Ifairly.good, 
being 2.6 per cent, in kharif and 3.7 per cent. , of the total cultivated 
area of the village in rabi. The area of miscellaneous cropk was' 18.4 
p i : cent, in kharif and 7 . 9 per cent . in rabi . There has been an improve- 
ment in cropping in 1353 F. Taking the village as a whole, the area 
of late rice has increased from 52 to 59 acres, of vegetables from 14 to 
19 acres and the area of miscellaneous kharif crop has decreased from 
47 to 36 acres. In rabi 1353 F. the area under wheat has decreased 
from 73 to 70 acres. The improvement in cropping has been* effected at 
the expense of the poor crops. 

As would be expected the main crops have -been concentrated inside 
the blocks and the miscellaneous crops have bben reduced. F6r instance, 
the average of three years 1350 to 1352 : F. shows that in block A early 
rice covered 32 acres, junr 12 acres, maize 5 acres but in lS53 F. the 
tvhole of the block excluding vegetables was 'Sown - with early rice, in 
the same bloek in rabi there were formerly 29 acres under wheat, 9. acres 
under grain, 8 acres under peas, 6 acres under mixed barley and gram 
and 6 . acres under arhar. The plots uud6r the various crops .were 
.formally interspersed. But in 1353 F. the whole of the area in, the 
bloek excluding vegetables was sown with wheat in rabi. 

Agricultural operations of Consolidated Farming. 

6. (1) Ploughing, sowing hoeing etc. — The ploughing was done with 
greater care than before. A few improved ploughs were also used. 
Formerly some wore indifferent in ploughing and hoeing etc., and sowing 
was done at different times. But, ns a result of consolidation of farming, 
the agricultural operations in all the fields in the same block were .done 
with the same care. These operations were regularly superviaed by the 
agricultural inspector to ensure good cultivation. 

_ (2) Seeds. — Formerly seeds of different varieties wer'e sown. But 
during the year improved seeds of the same variety were obtained from 
the seed depot and sown in the same block. Thus purity of seed was 
ensured . 

(3) Manuring . — About one-third of the cultivated land belongs to 
second class loam ns demarcated at last settlement, in 1928. This area 
ban easily be raised to the level of first class loam if it is properly mnnUred 
The deficiency in manuring has received attention in the course of con- 
solidated farming. In the first year of the experiment sanai was grbwn 
m block T in an ai’ca of 6.9 acres for green manuring. The soil consists 
mostly of second class loom hut was not well manured in the past.. In 
oidt-r to increase fertility of the soil preen manuring was done in this 
bock for the purpose of sowing wheat in rabi. One ion of 
ammonium sulphate was also supplied for demonstrating the eff- 
ects of its application. Block D which lias an area of 8.8 acres lies 
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at the farthest end of the village and did. not get a share of the manurt 
in the past as the nearer fields did. The whole of the block consisted 
of' second and third class loam. Ammonium sulphate was used in kharif 
in paddy field' in block D at the rate of 3 maunds per acre. The 
paddy crop magnificient and was great ely appreciated in the neighbour- 
hood. - 

Formerly cow-dung and refuse were stored in tl heap above; the 
ground. This resulted in loss of good manure. In order to increase 
the quality and quantity of natural manure tenants were persuaded to 
store cow-dung, refuse, leeves and earth soaked in urine ,of cattle in 
manure pits. They Were advised to spread leaves and earth beneath 
cattle and to throw the earth and leaves soaked in urine in the pits, 
•In the beginning 88 compost pits were made having a size of 6ft. X4ft. X 
4ft. At the end of the year the number of manure pits had increased 
to 200. They were arranged systematically in rows at convenient places 
outside the abadi. The tenants have appreciated the utility of these 
pits in increasing the quality and quantity of natural manure. This is 
a great achievement which has come to stay. 

(4) Irrigation . — Irrigation is done mostly from Sarda Canal. Tlio 
alignment of irrigation channels was defective and wasteful in the past. 
The channels were realigned to suit the irrigation of fields in a block. 
It is admitted that as a result of consolidated farming irrigation has 
been.. facilitated and waste of water was avoided. The results in rabi 
would have been better than what they were but for the fact that owing 
to the failure of wintor rains the supply of canal water was inadequate 
and intermittent. 

j ' " Results 

It is difficult to- measure the effect of consolidated farming upon 
the yield of crops. An extract from the report prepared by the Special 
Manager, Court of Wards, Lucknow (Mr. P. S. Varma) received through 
the Deputy Commissioner and Commissioner, Lufcknow regarding an 
estimate of the increase in the yield is attached to this note for reference. 
A comparison with previous year is difficult partly owing to the. absence 
of any. record of yield in the previous year and partly to the difference, 
in -weather conditions. The Special' Manager has- compared the yield 
inside blocks with those outside them. According to him the yield 
inside the blocks has increased as compared with that outside the blocks 
by percentages varying from 30 to 34 per cent. While there is an 
improvement in consolidated farming inside the blocks over the fields 
outside the blocks where ordinary methods of farming were applied, there 
is a slight difference in the quality of the soils inside and outside the 
blocks. Making allowance for all the factors and after taking into 
consideration the views of the villagers and after discounting for the 
use of ammonium sulphate in block D, I have no hesitation in coming to 
the concljsjba that the yield of the crops- has definitely increased by the 
adoption of consolidated farming aud that the increase, may be safely 
estimated nt about .,15. per .cent, as compared with, the yield of land from 
ordinary. methods of farming. 
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Group Farming 

8. Towards the end of paragraph 3(iii) it was stated that wastage in. 
bullock power could be avoided by group farming, in my pamphlet 
on. “Consolidation and improvement of Holdings in the United Pro- 
vinces”. I have defined group farming a system of farming by a group 
of homogenous cultivators or farming by a combination of cultivators 
who have no ploughs or have deficient bullock power with those' who 
ha.ve ah excess of it. To try this system of farming, it is first necessary - 
to determine how many tenants have standard holdings: The area of 
land which can be cultivated by one plough and a pair of bullock having 
regard to the nature and the productivity of the soil, irrigation and the 
bullock has been termed by me in that pamphlet as “standard” holding. 
The standard holding can conveniently be measured by plough duty — 
a settlement term which means the average cultivated area per plough. 

The result of the classification of bullocks according to their cultiva- 
tion capacity has already been described in para. 3(iii). It has been 
found in village Sarthua only four tenants had standard holdings and 
46 had excess bullock power while the bullock power was deficient in the 
case of 33 tenants.' It is proposed to join the tenants having deficient 
bullock power with those who have an excess of it. The cultivator with 
deficient bullock power would provide labour in ploughing, hoeing or in 
irrigation in return for an equal amount of bullock power when required 
in his own field. The tenants are agreed that for the purpose of group' 
farming one day’s bullock power will be taken as equivalent to 4 days 
man power . To begin with 4 units of the following tenants whose holding* 
are situated close to each other have been selected for group farming. 


Serial 

No. 

Particular* of tenants with excess 
bullock power 

Particulars of tenants having 
deficient bullock power 

• 


Namo of tenant 

. 

Area of 
holding 
(in 

bighn) 

Number 

of 

bullocks 

Class 

of 

bullocks 

Nntno of 
tenant 

Area of 
bolding 

biglia) 

Numbor 

of 

bullocks 

I 

2 

3 

4 

— 

0 

a 

8 

1 

Knllu and Piaroy 
Pasi. 

11 

1 pair 

B 

Bhagna Pasi . . 

E 


o 

Gurdin Kori 

0 

1 pair 

c 

Kaunhai Dhobi 

o 


3 

Knmtn Chnmnr 

3 

1 pair 

c 

Koola Chnmnr 

o 


4 

Babulal Lodh . . 

6 

1 pair 

A 

rushni Barbor 

i 



Other Improvements 


9. (i) The organisation of the Rural Development Department has 
been extended to village Ravthua A multi-purpose society has been formed 
and the panchayat is consulted about consolidated farming and other 
matters. Among the improvements which have in this connection been 
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completed are the construction' of soakage pits, repair of drinking wells 
and of bye-lanes and roads of the village, demolition of old khandars, 
etc. 

(ii) ‘With a view to improve the adjoining land a new hamlet with 
model hoses after the pattern approved by the Rural Development Depart- 
ment has been established at the far end of the village ‘by the side of 
the Lucknow — Nagram road. A bazar has also been established at the 
new hamlet at the cost of the Gopalkhera estate. It is hoped that this 
bazar will give . an ample return to the estate after sometime and will 
also -be a- convenience to the villagers who had so far to go 5 miles to the 
nearest bazar. 

(iii) In addition, fuel plantation is being done in an area of 10 
acres. 

Conclusion, 

' 10 . The above is the report of the result of the experiment on con- - 

solidated farming in village Sarthua in the year 1353F. (July 1, 1945 to 
June 1946) . The period of the experiment is a short, one yet tliei lesson, 
which has been learnt has justified the continuance of the experiment in 
the village and its extension to a neighbouring village. Luckily the village 
was not affected by any agricultural calamity during the year. But 
tenants have readily admitted the advantages of consolidated farming and 
are not willing to give it up . They realise that damage is done by rats 
when scattered wheat fields are surrounded by arhar fields. The damage 
is avoided in having a compact block of wheat. There is facility in 
irrigation and in keeping a watch over the crops. What is important 
is that the purity of seeds is secured. The sowing, hoeing and reaping 
are done at proper times. The extent and system of manuring have re- 
ceived greater attention than before. An essential part of consolidated 
farming is the planning for agricultural operations and improvements. 
The formation of blocks takes time and has to be made after careful study. 

I would have preferred the village panchayat specially formed for the 
purpose to carve out blocks for themselves. In fact I asked the people of 
a neighbouring village whether they could do but they expressed 
their inability in the matter. I do agree that in the beginning our 
tenants want guidance and help. It would not he difficult for^ an agri- 
culture inspector gradually and ultimately to supervise the work of 
consolidating farming in six neighbouring villages. But this does not miean 
that he can initiate consolidated farming simultaneously in all the six 
villages in the same year. In the beginning the work would be heavy. 
The agricultural operations will have to be supervised and indifferent 
farmers will have to be stimulated, helped and encouraged. But the 
amount of guidance would decrease with each subsequent year. The 
introduction of agricultural improvements is facilitated -by tbe adoption - 
of the system of consolidated farming. I am of opinion that this system 
is full of promise for the future ; and if its utility is fully established 
by experience, it would be necessary to give legal powers to provide for • 
its extension with the help of village panebayats over a wide area tvhich 
is found to be suitable for consolidated farming. 
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Future Planning • . 

11, The selection of a village for consolidated farming in the early 
stages of the experiment on voluntary basis requires great care. The 
village should be inspected and economic feautres consisting of cropping, 
irrigation, cultivating castes and proprietary tenures should be examined. 
The village should have facilities for irrigation and should be preferably 
situated within the command of a canal. The successful execution of 
agricultural improvements cannot be fully ensured without adequate irri • 
gation. Tenants should be consulted and should be willing to adopt the 
method of consolidated farming. Having selected the village, the follow- - 
ing records should be obtained or prepared : 

(1) a copy of the map of the village, showing the latest soil classi- 
fication made at settlement or roster operations ; 

s 

(2) a khasra or field book of the village showing names of cultivatox*, 
class of soil, cropping, irrigation and manuring during each of the last 
three years ; 

(3) a record regarding distribution of holdings and agricultural 
stock ; 

(4) proposals regarding formation of 'blocks for consolidated farming 
in consultation with the village people. These proposals should be 
published for objectionss and levissed in the light of the objections that may 
bv received. 

Finally a scheme should be prepared more or less on the lines of this 
pamphlet giving an account of the economic features of the village ; and 
justifying the proposals for the formation of blocks by comparing the 
cropping inside and outside the blocks with the average of previous three 
years and explaining the improvement proposed in the system of cropping. 
The plan for agricultural improvement should be stated — the procurement 
of good, seed, the making of compost or manure pits, green manuring or 
the quantity of artificial manure required, the making of daulbandi, the 
re-ahgnment or remodelling of irrigation channels. The extent of manur- 
ing. has to be increased by increasing the quantity and quality of natural 
manure by making compost or manure pits or by gredn manuring and if 
possible by the use of fertilisers. The blocks which were indifferently 
manured in the past should be inspected with the help - of soil classi- 
fication map and arrangements suggested for manuring the land in those 
blocks particularly the land which can be raised in point of yield to 
the standard of first class loam. Efforts should 'be made to persuade 
tenants to adopt group farming, and to replace unnecessary bullocks by 
milch cows. The method for increasing fodder supply should be con- 
hamlet may be established, if necessary, in a block which is far from . 
or a culvert may have to be made to improve communications. If vacant 
land is available, proposals may be made for fuel plantation. An esti- 
the existing inhabited sites, or a depression may halve to be drained, 
mate for repairing village lanes or for repairing or constructing drink- 
ing wells should be made. A multipurpose society should be formed 
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to give effect to the various suggestions for improvements. A record 
of the yield of crops should he kept for comparison and a report should 
be prepared at the end of the year showing the results of the working 
of the scheme 

S. ABDUL HASAN, 
'President, Court of Wards, 
United Provinces 

Allahabad : 

November, 23, L946 
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APPENDIX - 

Extract from the report of the Special Manager , Court of Wards’ Luck- 
now, regarding results of consolidated farming in village Sarthuain 
1353F. 


1. According to our plan, crops were raised in all the blocks except 
in “E” and “H” which were to be left fallow and in block “I” sanai, 
for green manuring was grown. Early rice was sown in blocks. “A.” 
“D” and “F|l” and late rice in “B”, “F|2” and “G-” blocks.. In 
block “C” Juar-Arhar was sown. Till the tine of writing the Juar- 
Arhar and the late rice crops had not been cut. The results of cropping 
in these blocks will, therefore, have to be reported later. Crops had 
only been cut in blocks “A”, “D” and “F|l” in which early rice was 
sown. 


The vital question for determination now is whether there has been 
definite improvement in agriculture as a result of consolidated fanning. 
It has been admitted by the cultivators that this system of cropping has 
prevented theft and cattle trespass and has enabled them to utilise 
better facilities of irrigation. But the main point for determination 
is ■whether there has been a definite increase in the yield of the crops. 

In order to arrive at a definite conclusion on this point it is essen- 
tial that an accurate estimate of the yields of the fields included in the 
blocks be made and compared with the previous outturns,. It is however 
not possible to determine exactly this yield for we can not weight every 
maund of the produced grain nor do we have any - exact record of the 
previous outturns of the crops in the village. The only previous data 
available was that of the Patwari which, as Mr. Wallj*, Deputy Commis- 
sioner, pointed out in one of his inspection note, is absolutely useless 
for the purpose of this comparison. It might perhaps have been better 
to have a correct estimation of crops done in the village in one year 
before -the introduction of the consolidated farming, but then inference 
based on the results of comparison with only one year’s figures could 
also not be considered to be absolutely conclusive. The village admitted 
that the crop this year was definitely better than ever before and this 
appeared to us also to be the case so far as last years, crops which we had 
ourselves seen, were concerned but it is obviously not safe to rely on 
visual estimates. We were also not sure whether to base our conclusions 
on crop cutting expriments in which the average crop is selected by 
the eye. The method suggested for crop estimation by Bowley and 
Jobertson in “A schemfc for the Economic census of India of selecting 
fields mechanically so as to give statistically a random distribution also 
could not be adopted because a considerable area in the blocks had 
been especially treated with ammonium sulphate for demonstration 

purposes and the yields of these fields would have confused the re- 
•suits * 


Having, therefore, no better alternative we decided to base our 
conclusmns on a comparison of the yield, in the current kharif of similar 
fields, such as irrigated fields having the same Idnd of soil and which 



were not demonstration fields, situated- within the block, with those 
not included in the block. For example, Har II was the common class- o& 
land in which early rice crop was sown both in scattered fields and in' 
block “A” and Har III was common between block “Fjl” and the 
scattered fields. A few similar fields were selected and their produce 
weighed. The average produce per bigha was calculated. The results 
are given below : — 


Block 

Class of 
land. 

1 

j 

Average 
yield per 
bigha In 
scattered 
fields 

Average 
yield per 
bigha in 
the blocks 

Percentage 

Increase 

Decrease _ 

' . 

1 

2 

3 

4 

G 

0 

j 

A • • • • 

i 

F/l 

HnrII .. 

Harlll .. 

S 3 0 

7 20 0 

10 30 0 

8 25 0 

i 

i 

Per cent ' 

34-3 

15-0 1 

1 

i * 

i 

i 


It will appear from the above Statement that there lias been a 
- definite; increase in the yield of the fields which are included in the block 
but while the above figures prove that the yield was increased they, on 
account of the limited data available so far even the entire kharif crop 
has not yet been cut. cannot be considered conclusive in so -far as the 
percentage increase in product is concerned. More data would he avail- 
able by Rabi when further comparisons in yields will be done. These 
results will be incorporated in the final report of work. 

Block “D” in which ammonium sulphate was given as manure 
consists only Har II plots which had all received canal irrigation . The 
actual produce per bigha in this block worked out to 13 maunds and 10 
seers which is 'higher than the produce of the fields of the blocks in which 
ammonium sulphate was not used and, of course, much higher than 1 that 
of* the scattered fields. The following is the comparative statement. 


K’nd of so” 

j 

r _ . _ .. i 

Avow go 
jrodnee in 
scattered 
fie’ds 

! 

1 . 

i . ' . . 

Average 
produce 
ill fie’ds 
of block 
"A” 

! 

1 

Avcrago 
yield of 
fields of 

1 block "TV’ 

1 

Pcr'cntagc 
increase in 
romi orison 
with sea ti- 
tered fields 

Percentage 
increase in 
comr orison 
w'th tho 
fields of- 
block "A" 

i 

3 

3 

, _ ; 

4. 

! 

6 

0 


Mds/Sr.i. 

Wds. Srs. 

Mds. Srs. 

I V 

Per cent. 

j Per cent. 

Har n . . 

\ 

S 3 

j 10 26- 

- 13-10 

• 04-0 

21 ‘B 


L16ICAE 
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r . The tenants have very much appreciated the use' of ammonium 
eulphate and this chemical manure is hound to become very popular with 
them. This manure can, however, only he used in fields which have 
good facilities of irrigation. 

2. In continuation with the figures given above following are figures 
of kliarif and rabi 1353F. : 


4 

1 

Name of crop 

Nome 

of 

block 

Kind 

of 

soil 

Avorago 
produce per 
bigha in 
maunds in 
blocks 

Avorago 
produco per 
biglia in 
maunds out- 
side the 
block 

~ 

Increase 

1 

o 

a# 

mm 

4 

5 

6 

7 


Kharif 




JIds. tre. 

JIds. srs. 

Per cent. 

1 

Early ris* 

• * 


A 

H 11 

10 30 

S 3 

34-39 ■ 

2 

Do. 


.. 

F/l 

H III 

3 2 f> 

7 20 

15 

3 

Lato rice 



B 

H II 

0 7 

8 0 

14-7 

4 

Do. 

• • 


B 

H 11 


0 10 

24 

5 

Do. 

i t 


0 

M III 

8 10 

7 28 

10 

0 

Do. 

• • 


F 12 

H Jil 

MXM 

8 20 

22 

7 

Do. 

• • 


F/2 

H IV 

1 

8 11 

23 

8 

Juar 

• • 


C 

H II 

I 

4 3 

25 

9 

Do. 

•• 


C 

H III 

3 25 

3 0 

20-8 



Bali 





• 


10 

Wheat 



mm 

H I 

10 16 

9 22 

9-68 

11 









11 

Do. 


•• 

lyn 

H II 

0 28 

S 15 

13-82 

12 

Do. 

•• 


H 

H II 

10 3 

fl 0 

11-94 


' In the manner indicated above similar fields were selected, tlicir pro- 
duce was actually weighed and an average per bigha worked out. It 
will appear from these figures that the yield has definitely increased and 
•the percentage increase varies from 9.68 per cent, to 34.39 per cent. 
There is no doubt, therefore, that experiment has been a success and 
this is further confirmed by the fact that the tenants of the village 
have made a voluntary application for the continuance of the experiment 
in this village 
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A NOTE ON IT.EK NO. 4r. 

Subject : — Review of the comparative merits of different methods of 

improved farming practised in the country sueh as cooperative farm- 
ing etc. 

By iY. P. Bhagwat. 

The land tenures prevalent in this Province are (i) llayatwari and 
(ii) Non-rayatwari. The former predominates the area under it being 
44,673,934 acres, i.e., nearly 90 per cent, of the total area of the Pro- 
vince. The total area under non-rayatwari tenure is 3,977,512 acres'. 
Non-rayatwari tenure is divided into various classes and prevails in 
various parts of the Province as shown below : — 

1. Tolulcdari. — (Principally, in Western talukas of Aluneclabad dist- 
ricts, viz., Viramgaon, DlioLka, Dhandhuta, Sanand and Gouglin. Tlxe 
area under this tenure is 1,466 square miles. There are also Talukdari 
Estates in Broach, Kaira and Panch Mahals collectorates. 

2. Vania. — (More or less in certain villages all over Gujrat north 
of the river Tapti). 

3. Xanvadari. — (Chiefly met with in Kaira district and in a few 
villages iu the Ahmednbad and Surat districts. 

4. Bhagdari. — (In Pajnch Mahals). 

5. Mcliwasi . — (In the area on the Banks of the river Mahi and iu 
Prantij talulca and Modasa Mahal of Ahmedabad district. 

6. Malel'i . — (In Tlmsrn taluka of Kaira district). 

7. Vdltad Jainabandi . — (In Kaira district). 

8. Harakati. — Found in few villages all over the Province. 

9. Khoti tenure . — (In Thana. Kolnba and Rntnagiri districts and 
Salsefte taluka) . 

10. haft tenure. — (Scattered over different talukas in the Northern 
IConkan) . 

11. Shiloiri t enure. — (Prevalent along the coast or along the larger 
creeks) . 

Holders of lauds under non-ravatwari tenure prevailing in Gujarat 
are generally tcnants-at-will. Some of these might have now acquired 
the status of protected tenants under the provision of Bombay Tenancy 
Act, 1939. and in respect of the rest the term of tenancy will be hereafter 
for at least 10 years, according to the provision of the same Act as recently 
amended . 

In this Province, 49 per cent, or a little less than half the number 
of holdings arc below 3 acres and 29 per cent, of the holdings are between 
5 and 15 acres. It will be seen that a majority of cultivators are small 
holders with uneconomic holdings. It is possible for the small holders 
to combine and pool their resources and avail themselves of the advant- 
ages of large-scale farming. If is considered that farming of co- 
operative farming societies would lead to more profitable and rationalised 
agriculture instead of the wasteful cultivation of fragments as at pri- 
son! . 
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Cooperative farming trill- fall -under four -categories — 

(1) Cooperative Better 'Farming., *: 

(2) Cooperative Joint Farming. " * ; 

(3) Cooperative Tenant Farming, 

(4) Cooperative Collective Farming. 

What form, cooperative farming shonld take would depend upon the 
basis on which the owners of lands andjor cultivators would agree to pool 
their resources for joint cultivation of- lands. 

The lands available for cultivation can he classified into three cate-, 
gories : — 

(1) Lands which .are at present cultivated hv owners or permanent 

or protected tenants, 

(2) Lands belonging to Government or absentee landlords- which 

are under cultivation, 

(3) -Waste lands belonging to Government or absentee landlords. 
In the case of lands category (1) Cooperative Joint Farming societies 
Would he a suitable type. Tn this case, the members of a society .work 
on the pooled lands in accordance with the direction of the elected com- 
mittee and tlie manager appointed by it . 'The ownership of each member 
in his holding continues and is recognised by the payment of dividend 
in proportion to the value, of the lands. Tn the case of lands coming 
under categary (2) and (3) y co-operative tentnnt forming' or cooperative 
collective farming societies could he organised. 

Tn this Province so far about 10 cooperative joint-farming societies 
of a mixed type have been registered. Majority of them have been 
Registered during the last 2 years . They do not conform to any standard 
pattern. Their general features are that members have pooled their 
lands and their livestock etc. and cultivate lands jointly and share 
profits in certain proportion prescribed in the bye-laws. The members 
are paid regular wages for the farm woilk done by them and if any 
nnsplus remains after meeting the cost of cultivation and after making 
allocation to reserve funds ets. it is distributed among th ■ members in 
proportion to the wages earned hv them. The members arp paid rents or 
ownership dividend for contributing the lands to the society for joint cilti- 
yation.' Government has sanctioned loans at easy rates of interest to 
■some of these societies to -enable them to undertake -land improvements 
-and- provision of irrigation by installation of pumping .-plants. Govern- 
ment has also provided free services of managers and secretaries to 
.these societies, in the case of two societies registered in Satara district. 
viz , Padali and Bhaktawadi,. it is reported that societies suffered heav- 
■Josses due to failure of crops on account of excessive- rains. In the case 
of.- Padali .society .the total membership is 17 and the total acreage of 
their Janos pooled together comes to -3,39 acres, 33 -gunthgs with an 
assessment of "R*-. 44142-6. Bhaktnwadi .Cooperative.- Joint Farming 
. Society .has -11 members, and the total .acreage comes to - 115 acres with 
$n assessment of TJs, 284. Both these . societies’ have- -been given the 
Government grant oi Bs. 1,000 each for purchase of improved types of 
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agricultural implements and services of a ligldninn at Government cost. 
The Paclali society .has dug a well on the bank of the liver Vasana to a 
total cost of 11s. 1,136 and has set up thereon an oil engine of 0 H .P . 
and pumping plant of 3 inches at a total cost of 11s. 2,424 for irrigating 
425 plnintain trees and two acres of sugarcane. 

The Balkalli Cooperative Joint Fanning society in North Kanar 
district has about 63 members and 200 acres of land under cultivation. 
30 members have leased out their lands to the society for purposes of 
joint cultivation for a period of 10 years. The society intends to put 
an embankment for which it has approached Government for subsidy. 

The Madguni Cooperative Joint Farming Society in the same district 
has about 20 members and 30 acres of land under cultivation. The 
society has tnk?n over 30 acres ol' minor forest lands which have been 
divided into plots and given to members for cultivation. Out of 30 
acres about 10 acres are under mango and cashewnut cultivation. A 
•compound wall lias been built enclosing the whole area in order to prevent 
damages to crops by wild animals and wandering cattle. The society 
is. striving to bring the remaining 20 acres under cultivation after clear- 
ance of thickets. For want of adequate capital, it. has not. been able 
to. sink a well for water facilities so as to bring the area under intensive 
cultivation. ' 

It is too early to express any definite opinion about the results of 
the working of the cooperative farming societies. The farmers are con- 
servative and illiterate and will take some time to make them realise the 
advantages of cooperative fanning. Besides, in the ease of societies 
formed for cultivation of leased lands by backward class cultivators, there 
is a difficulty of providing security for the louns which they require 
both for current agriculture and for undertaking land improvements or 
purchase of costly machinery etc. 

Besides these cooperative joint farming societies, there are nearly 
76 Belter Fanning societies working in this Province. These Better 
Farming societies have been organised with the object of introducing 
improved methods of fanning amon,g members. The aim of Ihesc 
societies is to demonstrate to its members value of good selected seed, 
improved implements and modern methods of cultivation. The societies 
provide goods and services to members to enable them to carry on farm- 
ing on efficient and economic lines. The achievements of these societies 
in carrying out improvements in lauds or by sinking wells and in grow- 
ing up lands are considerable. These Belter Farming societies are 
given small amount of grants by Govornmrin in the initial stages. 

The ones! ion of developing cooperative farming in this Province has 
been given serious consideration by Government. A Special Officer was 
appointed to investigate the suitability of adoption of cooperative, collee- 
.t.ne, joint or better farming societies and in recommend typos of farming 
societies which would s;eim» optimum production and. the most equitable 
distribution of agricultural profit. TJic Special Officer has submitted 
his report to Government and , Government has decided t.o encourage very 
'actively cooperative, _ farming. Government has declared that 
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it would grant assistance in tlie form of loans at low rates of interest 
wherever necessary and subsidies to meet the management expenses in 
the initial stages. Government has asked the Cooperative Department 
to take the initiative in earring on prepaganda and organisation of 
cooperative farming societies and it is hoped that as a result of intensive, 
which is going to be launched in the near future, good number of coopera- 
tive joint farming societies would come into existence. 


A NOTE ON THE SCHEME POE VILLAGE REHABILITATION IN 

BAEODA 

Bt Lt.-Cou, C. A. MacLean. 

1. Introduction . — Investigation regarding the condition's of the 
agricultural population in certain malials of Baroda State inhabited by 
Iianiparaj or aboriginals, chiefly of the Bhil family, had revealed that 
these simple, ignorant frequently indolent people had been, and were 
being deprived of their landed property by the more astute and business- 
minded sowkhars or money-landers. The latter are frequently not even 
State subjects and are invariably absentee landlords : they have acquired 
considerable tracts of country by their unscruplous methods, but have 
made no attempt whatever to develop the lands acquired by them, while 
the original owners have been reduced to the level of bondsmen and 
serfs. The result is that the utmost possible use is not being made of 
these lands : the absentee land-lord has no agricultural interests nor 
instincts while the dispossessed cultivator has no longer the incentive' to 
put forth his best effort in the cause of increased production. These 
revelations led Government to decide that something drastic had to be 
done in the interests of the former owners of those lands x so that they 
might again take their rightful place in the prduction of food and 
of the raw materials of commerce. But while different forms of tenancy' 
and farming had each its own enthusiastic advocates, no information was 
available to show which form was really the best from the point of view 
of the national interest and of the welfare of the indilvidual cultivator 
himself. Accordingly Baroda State decided on a bold and novel ex- 
periment of studying different forms of tenancy and systems on the 
spot and for this purpose has acquired a large tract of land extending 
to 4098 bighas (2400 acres) in the Tilakwada mahal. Here peasant 
proprietorship, tenant farming, and cooperative and collective farming 
are all being studied. 

2. Details . — In toe firs* village Khodia, thirty families have been 
settled and each nas been given a compact holding of 20 .bighas (one 
qigha equals I0|17ths of an acre) which will remain indivisible for all 
time and which cannot be mortagaged or sold except to another member 
of the same community , The occupier in this case is charged an annual 
rental equal to five land revenue instalments, one of which is paid Ito 
Government as ordinary land revenue, one and a half are paid as -interest 
on the compensation value by Oovernmant to the sowWw's, while the 
remainder is paid into a central purchase fund which enables the occupier 
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in time to become the owner of his holding, lie is, as it were, buying 
his land on the instalment system but from the very commencement of the 
scheme he is recognised ns the legal owner of the land which he can farm 
as he thinks best. 


In the second village Pocbamba, forty-seven families have been estba- 
lished and the conditions differ from those at Khodia only in that the 
cultivator is a tenant-at-will. He pays the ordinary single land reve- 
nue, farms his lidding as he chooses and he can quit it any time he 
likes . 

In the third village Pnlu, both cooperative and collective farming 
are being tried ont. In the cooperative block, thirty families have been 
established each with 20 bighas of lands as before, but in this case the 
holding is not compact ns every cultivator has an approximately equal 
share of the three blocks in which the land is being farmed. It should 
be noted too that the individual in this case has not the right to cultivate 
his land as he chooses. The land is actually farmed in three large 
blocks corresponding to the local rotation adopted and nil field boundaries 
are abolished. The whole village has been organised into a cooperative 
society and tin management of the farm is entrusted to a committee of 
the society of which the village paid or headman is the president. The 
general cropping scheme is prepared by the Estate Manager and a resident 
departmental overseer sees that the farm work is carried out as efficiently 
as possible and in good time. The daily programme of work is arranged 
by the paid and a strict tally is mentioned by him of all the bullock and 
htnuan labour employed. To allocate values to the different units of 
production is at present one of the difficulties to be overcome, but the 
following tentative allocation has been made for the present : — , 


Bullock powder 
Adult male 
Adult female 
Boys and girls 


4 to 8 units per pair. 
1 unit. 
i unit. 
i unit.. 


At harvest time, the first charge on the produce of the land is in 
the case of food grains on account of labour employed while in the case 
of cash crops, the first charge is on account of Government rqvenuc . 
After these charges have been adjusted, the remainder of tlic produce 
is then subdivided into thirty equal portions, one portion going to each 
house-holder in the village. 


la the collective farm which is also at Pala, another community 
of thirty families has been established with an aggregate of 600 biglius 
‘under cultivation. The general system of control and management is 
identical with wlmt it is in Ihe cooperative farm but with the funda- 
mental difference that no householder has any claim to the produce 
of any portion of the land. The farm is in possession of the commu- 
nity and in consequence of the communal responsibility for its cultiva- 
tion, the total harvest after meeting the charges on aceount of Government 
revenue is subdivided to each household in proportion to the total units 
of labour that it supplied towards the cultivation of the crop, This U 
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the essential difference between the cooperative and the collective farming* 
at the. present time. 

3. Results . — The lands in connection with the scheme were acquired 
in the hot weather of 1947, and the experiment inaugurated only on the 
outbreak of the last monsoon. It would, therefore, be permature at this 
stage to conic to any definite conclusions regarding the merits or demerits 
of any one of the systems under consideration. 

At present, however, the I'haicdars or peasant proprietors in ICliodia 
are. definitely the superior fanners as one would expect. Tn the know- 
ledge that they will not be outsted from their holdings they are more 
enthusiastic in tlieir work and arc more inclined to make permanent 
improvements such as levelling of tlieir fields, putting up brush dams 
to prevent soil erosion, clearing the borders of their holdings of weeds 
and undergrowth, and they are also prompt in tliei" attention to all 
Agricultural operation. The ganolius or tenants of Pochamba are. 
equally efficient in their normal agricultural operations, but they are 
not prepared to give the same attention to what might be termed^ long 
range work sueli as land improvement. With this exception, there is 
little or nothing to choose between the owner-occupier and the tenant 
farmer. 

The experiment in Pala is so novel that the villagers have not yet 
become accustomed to the idea. The Bliils are inclined to be indolent 
and it was often a difficult task to get them to turn out to work on land 
which/ they could not cultivate as they pleased. Very satisfactory yields, 
however, were obtained 'from the Idiarif harvest but the people were 
definitely lazier and less entlmsisastie than in ICliodia and Pocliamba. 
On the whole, there was little quarrelling in ilie village, but there was 
a great amount of petty pilfering. Under ordinary conditions of village 
life one villager will not steal from a fellow villager, but here, as the 
crop w r as communal property, the same inhibition did not exist. Several 
persons were eauglit and were dealt with by the committee of manage- 
ment of the society which is constituted as a panrhayat. Culprits were 
fined twice the amount stolen for the fust offence, there times for the 
second offence' but persistent thieving will lead to the expulsion of the 
oulprit from the society. 

At this stage, the collective farm is showing better results than the 
cooperative farm, but this is attributed by the Estate Manager not so 
much to the system as to the personality of the village leaders. In neither 
system would anything at all be accomplisted were it not lew the con- 
stant pressure maintained on the management committees -by the Estate ’ 
Manager, The panchavats too have not the necessary vision and drive 
to direct improvements in the village itself apart from the fields — 
no attempt lias hecn made so far in making \iilacc roads, sinking wells, 
building a school or any such activities. 


0. A. MACLEAN; 

Baroda, 20th February 1949. Commissioner of Agriculture, 
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SUBJECT 4. 

Cooperative, Farming. 

'' .‘There has been no attempt at Co-operative Farming in the Mamas 
Presidency. .But we have — 

1. Joint leasing societies . — Societies have been organized in the 
Madras Presidency for nearly 25 years now to enable landless labourers 
belonging to the Depressed Classes to secure cultivated lands of big 
landlords, and religious institutions — temples and mutts, to be divided 
among themselves for cultivation by each' individual and hot by the 
society as a whole. Some of the societies were called societies for ‘Joint 
Farming ’ ; perhaps because it was intended to purchase cattle and 
improved implements to be used in turn by members who could nofi 
individually purchase them. Actually, little common purchase was dono 
Members, who had no cattle, hired cattle from the nearest village and 
cultivated independently. ,Few improvements were effected. 

Some societies were formed in the Kistna and Godavari deltas for 
the cultivation of La?ika& — islands — in the deltas, which are quite fertile. 
Members belonged to the Depressed classes and each was assigned by the 
Government a few acres to cultivate and also given some loan on con- 
dition that land would not be alienated and. that it would be properly 
cultivated. But lands were later permitted to the hypothecated to tho 
cooperative Society and funds borrowed from it. Societies did remark- 
ably well for a time due to good local leadership. But apart from grant- 
ing credit, the society did little else. There was no attempt at Coopera- 
- tive farming . 

More recently, so-called ‘cultivable* lands have beten assigned by 
the Government to members of the Depressed Classes who had no lands 
lrat were good agricultural labourers and also to toddy-tappers, who were 
thrown out of employment as a result of the introduction of Prohibition. 
Government gave Borne aid in the reclamation of these cultivable wastes. 
A lot of trouble and expense was involved in the clearance of scrub 
jungle, sinking of wells, laying roads, etc. Each settler was given 5 to 
10 acres of land of indifferent quality, whi'ch was not enough to maintain 
a family unless cultivation was intensified by the sinking of a well for 
which funds were not provided — as is done now for colonies of ex-scrvice 
men. Where the land is fertile and rainfall sufficient, malaria is rife 1 
to which settlers fall copy victims. This has scared away some settlers 
once for all. Some pay an occasional 'visit, plough and sow their land 
and leave it, to tho care of the braVe ones who, hold on, themselves getting 
re-employed as farm-servants in the neighbourhood. They only come 
to reap. Situated near forests, wild animals, pigs, boars, cto., make their 
depredations in tho night and cat up the crops. What remains of lisa 
crop and the straw are token away. 

2. In the Colonization societies, organized still more recently, land is. 
pot assigned away as tho private property of the colonist, "but ho gets ‘the’ 
IilClCAR 
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occupancy right and the right to bequeath it to a preferred" heir,-— "with, 
a view to prevent alienation and subdivision. There is a clamour by 
settlers for full rights of ownership, without which enthuiasm flags— says 
the Registrar of Co-operative Societies. 

In. none of the societies above- staled, is there any cultivation or 
harvesting in common, nor ownership of cattle or implements in common*. 
There is no rule enforcing joint purchase of seeds or manures or cattle, 
though occasionally it is done departmontally. In some societies; efforts, 
have" been made to sell jointly the produce of" members wbo have indi"-' 
vidually raised their crops, but they have little surplus for sale. “Blach 
Colonist prefers to cultivate his land on his own account nrd to beep 
f far himself the fruits thereof.’ * 

IT. Consolidated farming. — This refers perhaps to tho idea favoured* 
by, Dr,*. Radha. ICnmal Mukherjee and others, whereby small and f-rag r 
m on ted- holidings might be pooled together for a temporary period for 
joint cultivation by a. group of landholders. These may not be inclined: 
in the first instance to surrender the ownership of any pieoe- 
of land of their own, but may be persuaded to agree to pool 
all their bits of land to a society of their own for a scheme of" joint 
cultivation for- a period, which would demonstrate the value of" joint, 
forming. This scheme was taken up by Mr. S. K. Dey, Collector 
of- Nadia (Bengal), and some societies were formed for the purpose 
seven- years ago. But we find that they havenot done well. The out- 
turn of crops is said to be far less than the aVerage of neighbouring 
areas-. Reasons for failure are : the indifference of" members, their un- 
willingness to work as labourers, inability to engage outside labour, and. 
above all the individualistic outlook, extreme conservation and suspicion, 
(vide Indian Farming, October 1945) . Co-operators in Madras, who have 
been watching- the experiment, would pause- before taking a- similar 
step. , 

III. Joint management. — This refers perhaps to the scheme of Mr. 
Tarlok Singh I.C.S., which he propounds in bis book poverty and Social' 
change,. He would have all pieces of land in a village pooled together 
and' restripped in compact holdings each of a size that would' engage 
a family of cultivators and maintain thorn in moderate comfort. The 
right of ownership will be respected by a dividend declared based on its 
values after meeting a number of charges from out of the common pool 
received in the form of rents from cultivators of the reconstituted holdings. 
The affairs of the village, besides the management of agriculture, such as, 
health, sanitation, water-supply and education will also be jointly managed 
by a body, on which not only cultivators but also owners of land' and 
others resident in the village will have their representatives . 

. Trhe scheme looks oiica on paper, but it is yet to be worked out ; 
perhaps - it is being worked out in the Punjab now among the refugees. 
We are not sure whether in old settled vilages in madras, landholders will 
surrender voluntarily their right to cultivate or have their lands culti- 
vated^ they like, in- return for an unknown and possibly de’clining divi. 
dead.. 
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IV. Collective farming of the type found in IhS.S.R. is not found 
or contemplated in Madras. It is not co-operative farming, Tt is not 
voluntary.. Jt gives .little option to tlie landliolder J or cultivator to join 
or not. The worker in the collective farm is not free. He can hav6 
<none of the joy or pride of possession and the stimulus for work associated 
with peasant proprietor— -though not ail small holders exhibit thesa 
qualities in our country. In Madras, for penturies royts have been 
enjoying the rights of private property in land and undertaking the res- 
ponsibilities theeof. They cultivate their holdings, small aiud frag- 
mented, individually though for preparatory cultivation and harvesting 
’they seek the help of neighbours and in turn help with their own services 
or those of their farm-servants . There are samudayam or communal lands, 
the proceeds of which are utilized for common purposes ; but in actual 
cultivation is entrusted to one individual lessee or more according to 
tlie extent of land. There is indeed little tradition of joint cultivation 
anywhere. 

If. C. RAMAICRISHNA, 
Eecturcr in Agricultural Economics, .'Agricultural 

College, ' Coimbatore • 

Agricultural Department, 

Madras, 

Wth ‘December, 1947 v 
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SUI JECT NO. 

fn men of comparative merits of different methods of improved f aiming 
practiced in the country such as Cooperative farming, Collective 
farming , Joini ■ management , Consolidated farming , ‘Consolidation of 
holdings etc., with particular reference to improvement in yield of\ 
crops and Economic condition of cultivators . 

Br P. G. Reheja. 

Reorganisation of Economic Agricultural Producing Units in India based 
on Prevalent systems of Farming in /various countries. 

1. GENERAL. 

Indian is suffering for the past several years from chronic shortage 
of food. The per capita land available for food production in 1940- 
41 was estimated at 0.67 acre, (6) and is rapidly shrinking as the popu- 
lation is swelling year by year. With the largest world population of 
inefficient cattle and other bovine animals the pressure on land is, 
indeed, very great. The resources of production are under-developed ; 
' the improved methods of crop production ore seldom employed ; th'e 
peasantry suffers from a heavy burden of debt ; the erosion of soil is 
in progress at an extremely rapid rate ; the manorial resources are uti- 
lised to the minimum ; etc. etc. The social relations between- the tenants 
and landlords, landless labour, absentee landlord, dearth of production 
capital, absence of an enterprising educated class are further handicaps 
to the adoption of recommended improved practices. Under these circum- 
stances is it any wonder that even the bounteous nature is unable to 
assist us out of our difficulties. “The present low yield per .acre does 
not seem to be inherent cither in the soil or in the climate” (6) .The present 
level of farming in India is subsistence farming at a low level of pro- 
duction. It, more aptly, can he described as poorland farming. Most 
of the lands are uncconomically cultivated. The productive agents, 
namely, the land, the capital, the farm structure and the farmer, that 
constitute this business are at prcStent. ill-utilised and disorganised. 
Evidently the reorganisation of agriculture on sound and firm basis is 
jurgeptly called for. The first step in this reorganisation, as it has 
happened in every other country in the world (12), is the solution of the 
problems, that directly concern land in relation to the farmer cultivating 
it, so that in overpopulated India output of food, feed and industrial 
raw materials per acre is augmented to meet the normal requirements 
of the Nation and improve the economic condition of cultivators. 

II. Factors in the Choice of Farming System. 

Before discussing the relative merits of the different methods of 
improved farming it is appropriate to draw attention to the principles 
and factors which should determine our choice of any system of form- 
ing. 

1. The first principle governing the choice of the improved farming 
practice is that it conduces to the gainful employment of the people 
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Engaged in the agricultural industry of the country. . In times of depres- 
sion some of the sub-marginal land which is now. being cropped goes 
out of cultivation and a large proportion of the agricultural labour 
becomes surplus to the requirements of the industry. Any improved 
system of organised farming, which can keep up the employment of such 
labour, would deserve consideration. 

The second principle demanding attention is that per capita producti- 
vity in terms of any quantitative standard such as international units 
should be high. When agricultural productivity per unit is high it is 
possible to exchange agricultural commodities at -par with the industrial 
products. It should mean ‘an economy of abundance for all’. 

3 . The ‘ third condition which the improved system should satisfy 
is the successful and immediate application of results of research into 
practice. The time elapsed between -the results achieved and practical 
use made of them should be as small as possible . Any improved farming 

- practice which retards progress in this direction cannot hold its own 
under the present conditions of intensive farming. An Indian cultivator 
.though uneducated has considerable experience. 

4. Any land reform introduced as a preliminary to the introduction 
.of improved method of farming should be done so in a democratic way. 

It, should involve as little of coercion as possible. 

5. The cultivators have a craving for land which is instiable. If 
possible the improved system of farming should pay due regard to this 
Clearing of the cultivator. In Russia despite the ruthless repression 
exercised on Kulakas the land hanger has not subsided. The Russian 
Government bad to allow l to 2\ acres of land close to the houses of peasants 
to satisfy this craving for land. 

6. Dr. Ruston (9) in Great Britain estimated that optimum pro- 
duct ivity is attained in farms of 75 to 100 acres. In West Bengal, 
Bliattacharjee (1) estimated that 13 acres farm had an optimum size 
from the angle of cost of production per acre. In India with varying 
soil and climatic conditions improved system of farming should take 
cognizance of this fact. Below optimum size of farms is one of the 
major organisational weakness in our farm land utilisation. 

7. Increase in farming efficiency that might he achieved by re- 
organisation of the producing units should he capable of withstanding the 
vicissitude of economic changes and of weathering storms of depression. 
.Small scale enterprises have greater flexibility and usually have stronger 
resistance to depression. 

8. In India capital definitely is in short supply and this insufficiency 
-dominates the entire policy of small area farmers, tenants and share- 
croppers. Any system of farming adopted must take this fact into 
‘account. 

9 . The factors that constitute the fertility of the land are as im- 

portant as any others which should guide us in adopting a suitable system 
"of .farming. Economic factors contributing to the maintenance of it 
should receive due consideration (3). , 
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• 10. Finally, the .present is an .age of sociological changes. -The 
masses have become -class conscious. Peasant and "workers refuse to 
be treated as under-dog. They are clamouring for equal opportunities 
in life and reasonable decent standard of living. They refuse to be 
eoAved down by the, old technique so far in vogue. The whole psychology 
of the common man has undergone a complete change. In India, in 
spite of boom in prices, a considerable proportion of the population re- 
mains underfed, unclothed and unsheltered. The individual in India 
is weak educationally, financially and physically. Our main problem, 
therefore, is to evolve a system which will convert agriculture from a 
deficit to a surplus econom}- so as to raise substantially the standard of 
life of the masses. 

Above are some of the important factors which should guide ns, 
in planning and deciding upon any course of action and it is in the light 
of these facts that we may examine the merits and demerits of various 
systems' of farming in vogue in various countries so ’as to arrive at ip. 
correct appraisal of a system of farming suiting the genius of our culti- 
vating classes. 

Agrarian reform has been in the programme of almost all the • 
political organisations so long working for the amelioration of the con- 
ditions of masses. Indian National Congress has been working on the 
basis of decentralised industry although some of its front rank leaders, 
particularly those with the Socialist outlook, have advocated cooperative 
farming as a substitute for the present system; in vogue. At one time 
collectivised farming attracted much attention. In recent years the 
system of joint stock farming is much under discussion. Estate farming 
has been organised by various bodies and individuals possessing initiative 
resources, managerial ability and technical knowledge of agricultural 
industry. Estate farming has principally been linked up with one or 
the other of the commercial crop cultivation. 

III. Meriis of different Systems. 

"With the principles governing planned farming and the new con- 
cept about soil in relation to agriculture in view (3) let us consider the 
different systems of farming practiced in various countries, their merits 
and demerits with particular reference to improvement in the yield of 
crops and economic condition of the cultivators : — 

1 . Cooperative farming , — The system of cooperative farming has 
been given trial in various countries. Nowhere it has met with such 
ru unqualified success as in Palestine. Henry A. Wallace has Spoken 
of it as “the most exciting experiment in the world”. The factors that 
have contributed to this success have been the organisations and services 
behind it. The Palastine Jewish Colonisation Association and the Jewish 
Agency, both together have been responsible, for providing for initial 
capital and running expenditure. Enormous sums of foreign 'capital 
have -been spent on purchasing lands and colonising Jews. The land 
thus purchased and colonised remains the property of Jewish nation. 

The -other factors which have contributed to holding together uf 
Jews are the ideal of Zionism, socialistic ideals of Enssian Jews ; high 
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proportion of education and intelligent settlers ; inadequacy of the means 
of production^ scarcity of irrigation -water and low rainfall ; political 
zeal,, etc. In India these conditions and factors (i) Social and political and 
(ii) economic do not exist and cannot be created without definite coercion 
on the part of the state. It may prow successful where level of literacy 
is very high and people evince a keen interest in pooling their resources 
for increased production at low cost. Even in Scandanavian countries 
where cooperation covers all aspects of rural life cooperative farming has 
not shown much advance. Small holders' cooperative specialise in sale 
and. purchase of commodities and occupy an important place in the 
general- economy of each of those countries. Cooperative management 
demands considerable managerial skill and perfect honesty. Enabling 
laws- may be helpful in this direction. But there are few immediate 
prospects of its adoption in India as in Palestine. 

2. Collective farming . — It is claimed that by adoption of collective 
farming the agrarian problems have been very largely solved. The 
production has been stepped up by 33 per cent, and that the income 
of the average farmer has gone up by about 4 times in the preceding 20 
years. On the other hand impartial socialists and agricultural economists 
have observed that the productivity per capita iu terms of International 
units is not far above India. Colin Clarke (2) has compiled a table to show 
that relative per capita productivity in different countries is as under : — 


Now Zealand 
units 

U.S.A. 

units 

Donmarks G. Britain 
units unit 1 ) 

Japan 

units 

Russia 

uliits 

India 

units 

China 

units 

244 

661 

642 

475 

120 

88 

65 

46 


‘Tliis achievement is in spite of the brutal repression of about 15 years 
(Masnni — 6) ’ Jacny (5) has compared the labour productivity in agri- 
culture in U.S.S.R. and U.S.A. and concludes that productive capacity 
of American agriculture before the war was about twice that of Russian 
agriculture and ‘thus the output of farm products per person gainfully 
employed in agriculture was perhaps five times ns large in U.S.A. than 
in U.S.S.R.’ Besides, the land hanger of the farmer has not yet been 
satisfied in spite of the fact that Communist State had to relax this con- 
dition and the peasants are allowed to own from 4 acre to 24 acres of land 
surrounding their residential buildings. The collect ivc farms are unwieldly 
and much larger than capable of yielding optimum productivity (4). The* 
actual cultivator gets much less than the tractor workers, managers, etc. 
It is, therefore* that, Doreen Waxrincr (14) States, 'Measured by any 
quantitative standard of yield per acre, output per head on the terns 
of exchange between agricultural and industrial products, the position 
of peasant ry in Eastern Europe in general was better, before the out- 
break of war, than the position of the collective farmer in Russia’. 

The difference between cooperative farming and consolidated farming 
is in the fact than in the former cose labour and capital resources are also 
pooled together. 
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3. Consolidating farming . — The objective of consolidated farming 
is to pool together the agricultural resources of the farmer, who have 
proprietory rights in the land under a common management. In this the 
Trusteeship of the soil passes on to more enterprising people. A group 
of selfless workers in such an enterprise may succeed. But more often- 
a few dominate. Since the cohesive forces of law, as in collective or 
even cooperative farming, is lacking this individual domination raises 
issues which invariably lead to factions. Besides, the main purpose 
of consolidated farming is gainful employment of maximum number of 
persons partaking in the joint effort. If land is scarce and there is 
reluctance on the part of people, undertaking the joint effort to share 
their agricultural resources to the fall, the enterprise is seldom successful. 
In the absence of cooperative capital it is usual that the initiative passes 
out to a few individuals and the very purpose of consolidated farming is 
defeated. In consolidated farming Direction t under congenial economic 
conditions, can play a progressive role. Since no coercion is involved 
there is a will to work on the part of the individual for the common 
good. A group combination of a few farmers is likely to be more success- 
ful than a 'complement of a larger number of people joining the tinder 
taking. To a great extent the flexibility of the small scale agricultural 
enterprise is sacrificed when consolidated fanning is practiced. The 
soil fertility can be kept maintained if manurial resources of the farm 
are not frittered away. Sociologically consolidated farming offers wide 
scope provided the democratic spirit dominates the whole enterprise. 
One authority reports that consolidated farming though practiced in some 
parts of the U.P., the Punjab and Daccan has not made much progress 
( 10 ). 


4. Joint Stock Farming . — Both these deficiencies are made good by 
joint stock farming.* Here a properly constituted authority tents the 
land and sublets it to the tenants, most of whom are actual proprietors or 
their nominees on a short lease basis. A prominent feature of this 
enterprise is that the profits are shared by the Government, the tenants 
and the super-landlord (Joinl Stock Company) so that capital and labour 
work in close unison . The economic factor? operate in such a manner 
that optimum yields of crops per acre are realised without destroying 
soil fertility. The Government and the Company, out of their share, 
are able to finance research. Close supervision and efficient management 
contribute very much for the success of enterprise. On the recommenda- 
tion of the Company, a specific system of crop rotation can be introduced 
which may consist of food crops, for home consumption, fodder crops 
for cattle and a commercial crop to pay off the tenancy charges and meet 
other obligations. In Sudan it is reported to be working very success- 
fully. The fanners are becoming prosperous as the industry lias gained 
stability and is adequately financed at its all stages. The individual 
farmers have reasonable security of tenure provided they work efficiently. 
The land holders retain their freehold right and bequeath their land 
to their rightful descendents. Further fragmentation has been avoided 
in view of rights of the joint stock Company in the land. In tho, new 

colonisation the Government may initiate some such experiments df' 

■ * * *’ \ 
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planned land use. Socially desirable family-sized farms may be estab- 
lished, Such a farm would permit intensive efficient use of labour, 
equipment, and managerial ability and give an adequate return per acre 
to maintain a socially acceptable standard of living (12) . 

5. Consolidation of holdings. — Both fragmentation aud reduction in 
the average size of holdings are in progress. The fragmentation of hold- 
ings is the inevitable result of partition proceedings and inheritance under 
Hindu law or the shariat following death. There is no rule or law which 
forbids subdivision of holdings below a certain limit, except in Central 
Provinces, and Baroda Cooperative Societies have attempted consolidation 
.of holdings in various provinces with varied success. But so long as 
subdivision has to go on, any attempt at consolidation holdings is bound 
to fail. In Europe of the nineteenth century, the reconstructions of the 
legal fabrie of the land system preceded the modernisation both of pro- 
ductive technique and of the business side of farming : nor in the 
absence of the first, would the last two have been possible, (13). In 
U.S.A. similar reforms of land tenure have been .adopted for reasons 
stated above. Consolidation of holdings is one of the means for im- 
proving the relative productivity of the land. It is not a system of 
improved farming . 

6. Peasant proprietorship. — There are several reasons why peasant 
proprietorship is preferable to any system of group cultivation ol‘ land : — 

(i) The economy of an overpopulated country demands that bulk* 

of the population should be gainfullp employed. It is the 
experience of most of the European Countries, which depeud 
more on agriculture than on industries, that small economic 
agricultural units can ‘provide work for two or thrpe times 
as many persons per unit of area as large undertakings’. 

(ii) Agriculture 1 id a Very risky industry. It is particularly 

so where the initial agricultural capital is small. Under 
such circumstances raising a variety of farm products will 
prove a better insurance against risks than mass production 
of Agricultural commodities ou a large scale agricultural 
production. It Cs for this reason that there is a tendency in 
Central and Eastern Europe for the land 1o pass out from 
the hands of landed gentry into those of small agriculturists. 
The European Conference of Rural life in 3939 with satis- 
faction observed, “The formation of a class of peasant pro. 
prietors is of fundamental importance in the social and eco- 
nomic organisation of these countries ; We have 

already stated that small seale enterprises have greater 
flexibility and usually have stronger resistance to depression. 

(iii) The creation of peasant proprietorship will satisfy the lust 

for land of most of the farmers. The Government may so 
redistribute the land that peasants take charge of socially 
desirable family-sized farms which would yield return 
adequate to maintain a socially acceptable level of living. 
Such farms shall not be sub-divided and shall be non-attach 
able fann properties. 


LiciCAB 
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(iv) In a country like United States of America decentralisation is 

being advocated as the solution of most of the agrarian 
economic ills. This view is held by as important a body 
as the American Faun Bureau Federation (7). It is the 
essence of centralised production that the wealth and power 
tends to he concentrated in a few and democracy cannot 
efficiently work. Farming by peasant, proprietors will 
decentralise agricultural industry and give the greatest 
possible outlet to the impulse of creation'. The per capita 
productivity in terms of International units in Denmark 
(=642) is ns high as in U.S.A. (=661). The former 
is a country of small agricultural units while farm units 
in U.S.A. extend over vast areas. 

(v) Reorganisation of agriculture on. the basis of peasant pro- 

prietorship is bound to step up production. In the Punjab 
Colonies the average yield of wheat exceeds 18.18 maunds 
per acre while under indcntieal conditions of canal irri- 
gation supply it hardly exceeds 12 maunds per acre in 
the U. P. or the N. W. F. Province. In the former case 
the land is under the eharge of peasant proprietors who 
are intimately associated with it, while in the latter case 
most of the lands are worked by tenants,- sharecroppers or 
labours. A Stake in the industry means efficient utiliza- 
tion of the skill, intiative, energy and capital resources 
of the farmer, since it encourages thrift. Thus it will 
break un the individual inertial winch has stood in the way 
of taking up improvements. 

(vi) There is at present much sub-marginal use. of land in India. 

Such fields are seldom inherentry sub ; marginnl lands. So 
long as labour can be put in productivity no loss may be 
anticipated and marginal if not profitable "utility of land 
may be expected. Inpeasant proprietorship - ardent labour 
is an asset which is capable of converting sub-marginal use 
of land into soil of marginal utility. 

(vii) Management of soils considerably tells upon the fertility of 

the land. A peasant proprietor of a small unit employs 
all the managerial skill to the management of his land so 
that fertility of the land suffers in the least. The immediate 
profit motive at cheap cost seldom enters his consideration. 
Therefore he adopts sound land use policy with which his 
soil fertility is conserved and augmental with all the re- 
sources at his command. To us it appears that one of the 
reasons why per acre or per capiia production by large scale 
methods of collective farming in Russia has not increased ' 
as that, the peasant does not feel a stake in his land find 
therefore erosion of soil fertility is the result which is ham- 
pering production per unit. 
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(viii) Middle peasant classes have been the problem in eolleetivIsA- 
tion in itussia. linthluss repression had to be employed to 
get them into the collectives (5). During the last war 
when the control was relaxed tlnse peasants tended to appro- 
priate lands to themselves and the Government had to 
tighten up after the war to bring them back. In the peasant 
proprietorship this problem will automatically be solved. 

(ix) Finally peasant proprietorship will mean even and equitable 
distribulion of agricultural earnings and engender social 
and political awakening in masses. Present tenancy system 
is based on competitive profit basis and it continuously im- 
proverishos tlie cultivator and the cultivated land. It will 
eliminate a fuuctionless class which according to the Farm 
Tenancy Committee of U.S. A. has been responsible for 
‘erosion of soil and erosion of society’. 

The success of peasant proprietorship, however, depends upon several 
factors most important of which is the state aid and guidance. There are 
few agricultural countries in the world with as many great natural agri- 
cultural advantages as India. Given capital resources the\ farmer can 
raise crops all the year round. Capital advances for productive purposes 
may be issued through the multipurpose cooperatives which might sell 
and purchase all the produce of the farmers. In the United Provinces 
such multipurpose cooperatives have been and are growing very popular 
amongst the cane growers. All advances for seeds, fertilizers, machinery 
purchases, etc., are deducted from the cane sales. Where scarcity of 
water is the limiting factor the Government shall have to lay out irri- 
gation projects. The conservation of soil requires considerable capital 
outlay. It must be provided by the Government. The Government 
should provide technical assistance and disseminate knowledge of im- 
proved methods of farming through governmental agencies. In every 
country the progress in agricultural industry has followed the reform 
of laud tenure anti in this progress scientific knowledge and 
technical assistance have played no mean part. Elmhirst states, ‘Give 
me Direction Personnel and your millions become a precious asset and 
not as at present a perpetual nightmare to themselves and the world at 
large’. It, however, cannot be denied that no organisation to study 
rural problems exists. Policy of village afforestation for supply of fuel 
and conservation require urgent attention. The manurial requirements 
are estimated at 3.5 million tons per annum. Consisting of ammonium, 
sulphate, phosphate and cakes. Even a part of it cannot be met from 
our current resources. These should be expanded. Export of bones 
and oil seed should be prohibited and their processing should be gradually 
passed on to multipurpose cooperatives. 

Above all some sort of tallage democracy should be fostered which 
cal’ minutely look into the interests of villagers who constitute a village 
Council or Panchayai . It is through this Village Council that socio- 
economic amelioration of villages is practically possible. All our present 
plans are drawn up at the top and forced on to the peasantry. It is 
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no wonder that they prove paper schemas. It is most desirable that tile 
farmers have a voice in the development and administration of such 
programmes. They will have the advice of all development agencies 
such as agriculture' irrigations ; soil conservation and farm economics ; 
public health, cooperative, veterinary education, domestic science, etc. etc. 
The peasants have a fund of experience, are shrewed and have a sympathe- 
tic outlook on life. Introduction ot' village democracy will bring all 
these faculties into play and conduce to ‘better farming' better busiuefw 
and better living*. 

IV RESUME, 

The acute shortage of food, feeds and industrial raw material ia 
being experienced in the country . Low yields of crops are primarily ' 
responsible for total small production of these commodities. Inherently 
there is nothing wrong with the land and this is in spite of the mon- 
sohnish climate of the major portion of the cultivated area in India. 
Factors olher than soil and clima'e appear to be responsible for low 
net returns per acre. Lack of finance is one such factor. Provision 
of finance can greatly enhance net returns per acre. But without 
reorganisation of producing units anticipated increase in efficiency and 
consequent production that might have resulted by provision of finance, 
may not he achieved . At present majority of flic producing units 
are worked by tenants or lion-cultivating classes. Tenancy systems leads 
to ‘erosion of soil and erosion of socictv'. Agriculture is a profession 
which requires as much of patience*, skill, aptitude, etc., as any other 
profession. ‘Inefficient enterprise is high cost enterprise*. The tenants 
and non-cultivating rentiers have a short term interest. If is, therefore, 
no wonder lliat ‘overwhelming majority of the fields in India produce 
the imreduceable minimum of crops ; Elmliirst (3) has thus rightly 
emphasised “Planning in India should be on Sociological basis, covering 
the whole man and every aspect of his life' — neither economic alone nor 

technical alone We may have better seed, better manure and 

improved plough. But what, will these avail if the man behind the 
plough has not the incentive to put in his best to utilize them. Abolition 
of Zainindari system alone will not solve the problem. 

In the foregoing text we have discussed the, essentials of improved 
farming ns a result of the experience gained in various countries of th» 
world in context of our present day agriculture and rural life. The 
merits and flaws which dominate in the various systems i.e., cooperative- 
collectivised, consolidated, joint stock, consolidation of holdings and 
peasant proprietorship farming, have been discussed. Cooperative farm- 
ing, except in Palestine under the aegis of Palestine Jewish Colonisation 
Association and Jewish Agency, has nowhere succeeded. Sale and pur- 
chase cooperatives have been successful where illteracy is very high. 
Collectivised farming experiment in Russia has neither solved the problem 
of middle peasant, raised pc,r capita productivity, satisfied the hunger 
of peasant for land, nor conduced to optimum productivity p'er acre of 
land. Therefore, the standard of living of the masses has not improved 
to any material extent. Consolidated farming is successful, where labour 
shortage is experienced and machinery can he brought info full use. 
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lit India there is over abundance- of labour but lack of capital. Joint 
Block farming experiment has been successful in Sudan on irrigated 
colonised lands. It is a combination of peasant proprietorship under 
joint, managemnet of a- corporate on and' fully aided by the Government 
of the country. There is scope for its introduction in new colonics which 
may be brought into being in the great river valley projects under con- 
templation. Consolidation of holdings corrects 1 an. evil in the lland 
tenure System. It is a temporal measure. A permanent measure is 
the crying need of the. day. The one great merit, of peasant proprietor* 
ship is that by decentralisation the small economic units can provide 
work for larger number of people than by any system of farming so far 
evolved. There is greater flexibility of the small scale enterprise which 
covers up depression risks. With a stake in the land the peasant con- 
serves and augments the soil fertility. The rapacious landlord function- 
less class of intermediaries are eliminated. The profit motive engeud-ws 
thrift and sharpens the incentive to increased production. This sub- 
marginal land use, so much rampant in the present, day economy of this 
country shall be converted by ardent labour of the peasants into profit- 
able utility of land. It will also mean an even and equitable distribu- 
tion of agricultural income and social and political awakening amongst 
the masses. But. active state assistance in several directions,* as in co- 
operative, collective, consolidated or joint-stock farming, is essential for 
or ation ofsrcially desirable family-sized farms for the peasants. Along 
with land reform, establishment, of cooperative and village panchyats, 
with the advice of benoficient development state agencies, will electrify 
rural life. It is surest means of ameliorating the soil and the society in 
over populated India. 
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SUBJECT No. 4. 


j tieuidc of ihc compcnatiuc merits at different methods of improved form- 
uuj prai i ,scd m the country such us Co-operative jannivg, Collective 
s ‘irmnt‘j, Consolidated farm ing, Joint management , Consolidation of 
Holdings itc^ until ya) lie ill or ref trance, to improvement in ihc yield 
of crops and economic condition of cultivators . 


Note by 

Sardar Bahadur Sardar Ilarchand Singh , Commissioner for Agriculture , 

Patiala . 


The consideration of comparative merits of different methods of 
improved farming as Cooperative farming, Collective farming, Consolidated 
farming, Joint management and Consolidation of holdings with a view 
to improve in the yield of e.ops and economic condition of (he cultivators 
is too wide a subject to be considered under one, item. "With better 
management and by creating interest in all the workers at Ihe farm, no 
dcubt, all the various methods of farming mentioned above would show 
bcttei results but all these various methods involves (lie most important 
human factor ?.c.. human nature. Every worker differs from the other in 
the spirit of cooperation unless there is some stimulous for d-iiim work 
honestly, an average Indian Farm worker will become slack. For the 
improvement in this direction, the general sense of duty has to be de- 
veloped and it will take a long time before any improvement is made 
m the country ns a whole. It is more the necessity that oblige the farm 
workers to work in cooperation. Of all the (subjects mentioned above, 
consolidation of liold.iigs is most important. Mere persuntions on the 
part of the officials of the department are not enough. The work of 
consolidation of holdings should be taken seriously and some law should 

U, l? rc ' J ! llot , t . e(1 in oonsolidat <‘d farms. In this connec- 
tion. 1 may also mention the limit of the economic holdings. At present 
some people have to work on small areas which do not pav. As for the 

sSd'frv^^ti 113 ° f d . iffw!nt , . notI,ods are concerned, (lie Government 
should trj all these various methods on Government Farms To force 

l . d t”, a * !a5,,rt ^ir 'vishos adopt cooperative, collective, 
consolidated lor jointly managed fanning would not lead good results. 
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APPENDIX V. 

Kotos read at the meeting on subject No. 5. • 


By.— 

1. Dr. H. K. Nandi. 

2. Dr. E. S. Narayanan. 

3. Dr. 31. S. Yasucleva and Mr. S. P. Raj iChaudhri. . 

4. Dr. S. V. Desai. 

5. Mr. M. B. Narasingh Rao. 

6. Mr. S. V. Domiswami Ayyar. 

7. Mr. 3i. N. K. Sundram. 

8. Lt.-Col. C. A. MacLean. 

9. Mr. D. II. Sethi. 

10. Mr. M. L. Mehta. 

11. Mr. M. C. Bijavat. 

12. S. B. IJarcliand Singli. 

13. Dr. B. C. Kundu. 

14. Dr. B. B. Mundkur. 

15. (Board of Revenue, Madras.) 
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ORISSA 

Item 5 .—Measures to be taken from the short-range and long-range point 
of view to maximise the production of food , particularly of cercah 
in India, to the maximum extent possible and to suggest _ 5 years 
targets of increase in such production for each unit of administration 
comprising India. 

By 

Dr. H. K. NANDI 

Deputy Director of Agriculture, Orissa. 

BICE 

Bice is the principal crop of India and by far the staple food of 
the majority of the people. In the year 1945-46 the area under rice 
in the whole of India was 76 million acres and the total production of 
cleaned rice in the same year was 292 million tons. 

Although there are slight variations in acreage of rice from year to 
year due to uncertain climatic conditions, yet the production of rice in 
India even in normal times had never been sufficient to meet its require- 
ments and the deficiency had to bq met by importing rice and paddy 
from Burma, varying from li to 2J million tons a year . During the last 
war when Burma fell into the enemy hands in 1942, the source of supplies 
of rice from that country to India dried up all on a sudden whieh caused 
much misery and in Bengal millions of people died of starvation. The 
situation in regard to the staple food rice after the war has not improved 
and most of the people are living on a bare subsistance ration in the 
absence of sufficient quantities of rice or other cereals in the country. 
The Government of India imported foodgrains from abroad to the tune 
of 2.3 million tons worth Bs. 100 crores during the last year to make 
good the shortage to a certain extent. 

In the year 1944, the Advisory Board of the Imperial Council of 
'Agricultural Besearcli recommended that to meet the minimum quantity' 
of staple food for the 400 million people in India the production of 
cereals has to be increated by 10 per cent. i.e., by about five million 
tons over the normal production. This estimate and the present acute 
shortage of rice and other cereals in India indicate prominently the 
precarious position of the country in respect of its staple food require- 
ments. 

With the dawn of independence in India in 1947 the country was 
divided into two States, viz., Dominion of Tndia and Pakistan. As a’' 
rpsult of the partition of the country the irrigated wheat and rice pro- 
ducing tracts of West Punjab and Find and the fertile rice-producing 
tracts of East Bengal and Sylhet in Assam have been allotted to Pakistan. 
These areas’ were surplus iu regard to wheat and riee and they used 
to meet the needs of cereals to a certain extent of some of the deficit 
provinces of undivided India. The division of the country has been 
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Allowed by communal riots necessitating the uprooting of millions of 
'persons from their homes and fertile lands in West Punjab and- other 
Pakistan -areas with large-scale exchange of population. Those nn- 
foiseen happenings have great iy accentuated the already existing food 
difficulties and the shortage, of cereals in the Dominion of India is now 
estimated to he more than six million tons a year . Over and above 
tli se the failure of monsoon in some parts, heavy floods in others 
damage of standing winter paddy crop in. Orissa and West Bengal by 
heavy and unusual rains in December 1947 and all carryover of rice 
consumed by the end* of the year 1017, coupled with the difficulties 
of obtaining food from outside India, the food position in the eountrv 
in 1948, particularly in regard to rice and other cereals, will be (more 
critical. I, therefore, suggest the following measures to tackle the 
serious rice shortage problem in the Domm’on of India to Iniklo the 
country self-sufficient and independent of foreign snpp'ies within a period 
of five years. My suggestions arc mainly applicable to Orissa. 

The area under rice in Orissa was 5.2 million acres but with the 
merging of 25 States of Eastern Agency lo Orissa the area under rice is 
now about 8 million acres. About ril) per cent, of the total cultivated 
area is grown with rice which is the staple Food of Ihe people of the 
Province. Rice is chiefly grown as a rain-f d crop on the same land 
year after year without a regular rotation and manuring. It is only 
in small areas of the canal-irri"at ‘d ttre ts with loamy soil that double- 
cropping of rice lands is practised, i.c., jute followed by vice or rice 
followed by rabi crops. The prietice of growing two crops of rice on tin* 
Mime land in a year or Iwo crops of rice followed by a rabi crop is 
practically non-existent in Orissa even though soils and climatic con- 
ditions are suitable and irrigation facilities are available in some of the 
areas. 

Various classes of rice are grown in Orissa depending mostly on 
the season, type of soil, level of land, water requirements, life-period, 
etc. These are mainly classified as (1) Broadcast aus fBehali), (2) 
Broadcast Anion (Saved) . (.1) Transplanted Airan (Pared), (4) Snring 
rice (Dalua) and (5) Hill rice. The most important class of rice is 
broadcast Aman (Parad), which covers more than 50 per cent, of the 
total rice area in the Province. ’ 

The. measures . — The possible measures which suggest themselves for 
an immediate increase of rice production are : — 

(1) Extension of area under cultivation. 

(2) Substitution of rice for jute and other crops, 

(51) Double-cropping of vice, 

(4) Intensive cultivation. 

As rgnrds (1) it may be briefly dismissed as a matter from which 
immediate and spnctaculnr result cannot he expected. The cultivated 
area of rice, while it fluctuates with Ibe season, shows little change. 
In the thickly populated districts, there is no cultivable land except 
I.1GICAR 
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ti lc , village grazing lands which remains uncultivated.- In other sparsely 
populated uibiivcis' where cultivable waste land is avauauie, piuuiems- 
oj. ma.aria scarcity of labour and plough cattle, inaccessibility, poor 
lertiiity of land, absence of irrigation and drainage, facilities arise. 
Expansion of limited area under nee will only take place slowly as land 
is cleared and when iriigation and drainage facilities with big capital 
outlay by the Government are afforded. This is a long-term project 
and Hit Hist necessity is to uiake a survey oi waste lands noling xlie 
specific reasons why the lands temain uncultivated and the actual area 
suitable for cultivation. 

(2) The area under jute in Orissa is only 25,000 acres and a part 
of tins area used to be diverted for rice and other food erops in tim.s 
of scarcity of food and low price of jute. But with the partition of 
Bengal, the Indian Dominion lias got only 30 per cent, jute land. As 
practically all the jute mills are located in West Bengal and vested 
interests are there, it is doubtful whether any appreciate result will 
he gained by attempted substitution of part of this small jute area in 
Orisaa or t thcr parts of the Dominion of India by rice and other food, 
erops. Such a step is also open to serious economic objections and nothing 
short of legislative measures to replace jute with rice would hav-j the 
slightest effect. On the other hand as jute production in the Indian 
Dominion has to be increased to feed the factories and the price, of 
jute is likely' to he higher and the area under jute may increase at the 
cost of rice. The area under other non-food crops is negligible anil there 
is therefore little scope of increasing rice or other food crops by replacing 
the non-foed crops in Orissa. 

(3) Although the rice land in Orissa is one-cropped yet there are 

areas with irrigation facilities and advantage of early rainfall to grow- 
two erops of rice in the same year one followed by the other. The 
main principle involved in double-cropping of rice is that the first crop 
preceding the second or the second crop succeeding the first should he 
of short duration varieties. Which of these is to be grown first will 
dep nd on irrigation facilities, occurrence of rainfall, type of soil and 
level of land. In the canal irrigated areas where water is available' 
from June to April, rice is grown as a single crop -which cover the land 
from July to November or first part of December. As canal water 
remains available till April, a second crop of rice of three to four months 3 * * * 7 
duration can be easily raised on the same land with the use 'of some 
manures, the cost of which per acre will not be more than Ks. 25. 
Stmilai-jy rice lands on both sides of rivers could be grown with a second 
rice crop durmg the period of January to April by power-driven lift 
nrigation of water from the rivers. There are also vast areas of low* 
lying mat shy and jhil lands in some of the districts, where rice is cither 
not grown during the rainy season due to high water-level or when rice 

^ hv flood. In some of these areas spring rice 

(Dalna) is grown during the period January to April and the cultivation 
ts con med only to the margins of these lands as the wat'r available in 

He tentral portions cannot he carried very far and this is limiting factor 
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for further extension of area under this class of rice. If, however, power- 
driven portable pumping sets run on co-operative lines are provided for 
extending facilities for irrigation by carrying water from rivers or such 
' big marshy areas or by damming perennial lull streams it will be possible 
to extend areas under Dalua rice to a great extent immediately which 
may considerably help in easing the critical rice situation in the coming 
years, 

(4) The only and best method ‘of rapidly and materially increasing 
the production of rice in Orissa appears to be by intensive cultivation 
methods from existing rice area which are within the means of the 
cultivators. The problem of Orissa Agriculture is the problem of small 
farmers and all improvements in Agriculture must therefore be such 
os the small farmer can adopt with his limited means and resources. 
As mentioned already rice is the premier crop in Orissa occupying about 
SO per cent, of the cultivated area or about 8 million acres., so even a 
small increase in the yield per acre over such a vast area will Lad to 
spectacular increase in the production of rice as a result of which the 
Province may not only become self-sufficient, in regard to her normal 
rice requirement within a period of five years but may also supply 
a considerable quantity of rice to meet the deficit in other provinces of 
India. 

' It, is argued that under n system of extensive cultivation a very 
high average .yield cannot be expected . This argument however, dors not 
apply to Japan or oilier eastern countries, where the rice area is more 
o.Yleus.ve than in Orissa ami still the aero yield is throe to four times 
more than Orissa or India. Forty years back, the average yield of 
rice per acre in Japan was one-tliird of the present yield and this vty 
markable improvement in acre yield bos been mainly achieved by the 
large-scale adoption of improved varieties, improved cultural methods 
and liberal manuring. It is remarkable to find that 90 per cent., of 
tl.e rice area in Japan is cropped with improved types and the number 
of varieties under cultivation is limited to a very few, quite unlike 
Orissa, where the area under improved types is only 4 per cent, of the 
total rice area and the number of varieties under general cultivation is 
more than 1,000. One of the major faetors responsible for the present 
low yield per acre in Orissa is the cultivation of inferior varieties which, 
are mostly mixtures of different types. 

(a) Improved seeds, iheir multiplication and distribution , — As rice 
is the most important crop and staple food of the people of the Pro- 
vince, rightly, therefore, the Agricultural Department since its inception 
devoted most of its lime and attention for the improvement of rice varieties. 
A very marked success with great economic possibilities has, however, 
attended this work and several high yielding typos of rice, partially 
independent of the vagaries of climate and possessing earliness, resist- 
ance to flood, salinity, diseases and insect posts have been selected and 
introduced. This line of work has been most suitable to our present 
comparative poverty and the improvements effected have appealed to the 
cultivators as ils adoption docs not require much technical skill and 
extra expenditure. 



The improved types Lave also undergone rigid statistical tests in 
the districts for the selection of ,the best types adapted to the widely 
differing soil and climatic conditions of the different tracts for large- 
scale adoption of the types by the cultivators. The results obtained 
from these tests carried out in the district farms, seed-farms and culti- 
vators’ holdings have definitely proved that even' under the existing 
conditions some of these improved types, viz., Dohia, Cuttack Nos, 1 and 
2, T. 90, T. 812, T. 1242, T. 442, F.R. 13- A., F.R, 43-B., S.R. 26, 
li.-etc., ■which are already popular with the cultivators give on an aveiage 
three maunds of paddy per acre more over the varieties commonly 
grown by the cultivators. If we could bring at least 50 per cent, of 
the rice ar:a under the improved types within 5 years, which could be 
easily done provided a somewhat elaborate organisation for the multipli- 
cation and distribution of reliable seed is set up. tbe outturn of paddy 
from this area of 4 million acres would be increased by about 44 lacs 
of tons which could go a long way to make up the present acute shortage 
of lice in India with lasting benefit to tbe country. 

At present the quantity of improved paddy seed produced and 
distributed is only a fraction of tlic actual requirement, a vast field, 
therefore, still remains unexplored. It is only recently that under the 
auspices of the India Government improved seed multiplication and 
distribution schemes wore tak>-n up on a somewhat extended basis but 
the result obtained is not commensurate with the money spent. More- 
over, there are some inherent defects in these schemes which are stand- 
ing in the way of getting sufficient quantities of pure and reliable seed 
of the b st adapted varieties for extension among the general body of 
cultivators. One of the defects is that seeds are distributed without 
knowing the adaptability of the varieties to be grown under conditions 
quite different from those under which they are produced and selected. 
Amongst the improved varieties, there are mainly three grades of rice, 
viz., coarse, medium and fine and seeds of all these grades are produced 
for distribution. It is often fo ’gotten that the cultivators as well as 
middle class people commonly consume coarse rice which in addition to 
being very high yielder of paddy, yields a high percentage of husked rice 
of good nutritive value. This drawback in multiplying seeds of medium 
and fine grades of rice which arc comparatively low yielding with less 
nutritive value and is required to be consumed in much greater quanti- 
ties to have tbe same calorific value is a great factor that is stand- 
ing in Ihe way for extension of area under high yielding varieties, - 
particularly liked by the general body of cultivators. The third defect 
is that although quite a good number of people have taken to improved 
paddy varieties, yet sue.h highly improved paddy produced by them is 
-f..°hl out at the very field itself after harvest in order to meet their 
liabilities of debts and thus passes into the hands of the Mahajans or 
landowners and become an article of eorntneree for consumption pur- 
pose or the growers of improved paddy varieties do not agree to sell the 
produce in view of the insecurity of getting rice in the market for their 
consumption purpose. 
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The suggested remedies are : — Only seeds of ernrse varieties which 
are high yielding and possess greater nutnthe value should be multi- 
plied lor growing m areas particularly suited to them and the growers, 
should be compelled to grow the varieties of paddy recommended by the 
Agricultural Department during tills period of acute rice shortage. Mo 
subsidy should be given to growers of improved paddy as tills leads to 
corruption and militates against thp procurement of really improved, 
seed. As it will take time to establish a large number of seed farms 
over the whole province to produce the required quantity o£ pure and 
improved seed, and establish a permanent agency of seed distribution, 
the exigencies of the present rice situation in the country demand that 
all paddy grains to be produced next year by the growers of improved 
paddy varieties which have established their reputation as high yiclders 
and are popular in the tracts suited to them be procured bv the Govern- 
ment Agcnpy hinder an emergency legislation and stored for seed pur- 
poses to be used on a wide scale next year. In exchange of this paddy, 
Government should supply ordinary paddy to these people to meet tlieir 
requirements for consumption purpose. As the area under improved 
paddy varieties at present will be not less than 3 lacs of acre if will not 
be difficult for a Government Agency to procure a minimum of at least 
1 lac of mds. of good seed paddy of the improved varieties which are 
particularly coa v se and popular with the cultivators in the first, year. 
This quantity of paddy would provide seed for at least 2 lacs of acres 
which should be sown in compact areas, in the seeond year. At 
an avernge rale of multiplication of paddy, seeds sufficient to sow more 
than 40 lacs of acres in the fourth year would become available. Once 
the cultivator is convinced of the merits of the improved varieties lie 
would he quick to take lo it as he is a shrewed practical man. A well- 
planned and vigorous policy of seed procurement, multiplication and 
distribution is the first and most urgent need of the moment. This 
is the one line of work which is the best, cheapest and surest means 
under the control of cultivators to increase the yield of rice over the 
whole country over within the shortest possible time. 

Every attempt should, therefore, be made to increase the yield 
of rice per acre to make tlio country self-sufficient in respect of this 
staple food, and liberate laud fer growing other food and money crops in 
which Orissa is now deficient and dependent upon outside supply. ■ 

(h) Good quality seed . — The value of pure seed of high yielding 1 
types needs no further discussion as its importance is universally re- 
cognised. But it seems that the importance of good quality seed has 
not received much attention. Experimental evidence from . various 
sources has conclusively proved that an increased yield of 5 per cent’ 
is obtained from seeds which are large, uniform in size, heavy and plump 
and have come by selection from strong, vigorous and productive plants 
over those small, ununiform, shrunken and light seeds obtained from 
unselceted and weakplants. The main reason for the superiority of the 
good quality seed is physiological due to the greater reserve of plant 
foods which are the first nourishment that the young seedling get for 
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a vigorous start for growth which enable them to withstand unfavour- 
able climatic conditions better than the weak plants raised from light, 
shrunken and small seeds. 

As seed as a rule is kept from the general crop which is not, of the 
desired quality it is, therefore, necessary to take special care for the 
production of high quality seed from seLeted plots by careful culture 
and manuring. The cultivators should also he advised to adopt the 
practice of- going through tlic fields before harvest and select the biggest 
ear-1; eads of paddy from the best, grown plants and keep only the heavy 
and plumpy grains for seed purpose which is a rational "method for 
improving the quality of seed and consequently the yield of crop. 

(c) Manures and Fcrtilisfrs . — Most of the rice land has lost its 
virgin fertility on account of continuous cropping far a ,r es without any 
manure being added to the soil and it lias now renched a state of 
minimum fertility. The hungry land particularly above flood-level, 
therefore, responds immediately to the use of suitable manures' and 
fertilisers. The manuring of rice lands has been one of the subjects -of 
investigation by the Agricultural Department for a long period and 
elaborate experiments have been conducted at several places and much 
is known about the manorial requirements of rice than of any other 
crop. There is no doubt that the yield of paddy per acre over large 
areas of rice lands which are not inundated can be increased by 25 — 50 
per cent, hv the use of suitable manures of proper quantities but that 
manuring has not still become n general practice with the growers is 
due to the following reasons : — (1) Absence of sufficient quantities of 
manures and fertilisers such as (a) oowdnng, (b) oil-cakes, (cl Ammonium 
Sulphate and (d) Hone-meal, (2) High prices of manures and fertilisers 
which are preferably used for money crops because of higher return in 
proportion to rice for the same expenditure ineui!red and (3) Tenant 
Iioh.ing of land on a yearly lease over 50 per cent, of rice area ns n, 
result of which the cultivators do not want to avail themselves of 
methods of manuring which leave the laud more fertile than they receive 


Paddy soils are deficient in Nitrogen and humus and this can be 
best supplied in the form or organic manures — such as cowdimg. oil- 
cake, compost and green-manur?, ?>., growing and ploughing of n green- 
erop, preferably a leguminous one. This not only adds Nitrogen, the 
most valuable plant food, to Hie soil hut improves its texture as well. 
Ammonium sulphate is quite suitable but should he used in combination 
. 1 or f™ lc manures and cowdung is a good all-round manure for 
rice and the 3’icld of paddy can be increased bv 5 mds. Tier acre liv 
app ymg well-conserved dung at the rate of 100 mds. to an acre. Much 
the cowdung m the village is poor quality as these are not conserved 
properly and a greater quantity is used as fuel. The quantity of cow- 
rlung that can be conserved from each pair of cattle in a year is about 
mds. but under tlic present conditions it is doubtful if one-fmi-th 
mV. ? qlIa " tlt ; v , ,s a , f P J,pse,| t conserved. Such a state of affairs can 
•* Lo rectlficcI by education and propaganda and it is doubtful whether 



297 


supplies, ran be intfearod immediately lor use on rive lands on n large 

scale." 

Different types of oil -cakes arc available in the country to a limited 
extent. 'i'Jie yield of paddy per acre can lie increased l>y 4.5 nuls. 
by applying 5-6 nuls. of oil-cake, .but they are so expensive and scarce 
that they are not likely to bo of much importance in rice cultivation. 

Ammonium sulphate is very efficacious used in combination with; 
organic manures and is available in very limited quantities and is ex- 
pulsive. The yield of paddy per acre can be incroa.ed by 4-5 mds. by 
applying 1-J to 2 mils, of Ammonium sulphate to an acre but from an 
economic point of view its use for rice crop is not at all popular. 

Green-manuring preferably with Dhaincha at the rate of 5 — .10,000 
lbs. of green-leaf per acre results ill progressive increase in the yield 
of paddy which varies from 5-6 mds. of paddy to an acre. Green- 
manure is. therefore, the cheapest and best of nil manures. That it 
has not still become nil universal practice is due to the absence of 
irrigation facilities making it impossible to raise n green-manure crop 
on the paddy lands in the dry weather and lack of supply of sufficient 
seeds of good quality. A heavy leafy growth of Dhaincha crop can 
be hud within a period of 2-1 months yi lding 1 5.000-1 8„0(V) lbs. of 
green matter per acre which can he used for manuring ,3-4 acres of rice 
land. The cost of this is only n fraction of the co:t, of other manures 
and fertilisers. The practice of green-manuring should, therefore, ha 
encouraged in all irrigated rice areas and in tracts having the advantage 
of early showers ami arrangiment should be made for supply of good 
quality seeds in sufficient quantities in proper time. 

The use of compost prepared with home stead rubbish and night soil 
which are now allowed to rim to waste is also another soune of readily 
available manure which can be produced in huge quantities. lint no 
tangible result can be obtained until the Provincial Department of Agri- 
culturc take definite ami direct, steps in their production in different 
centres and disposal in the, fields of the cultivators at free of cost. 

During the last 3 years rice position in the country necessitated the 
adoption on a wide scale of the application of ammonium sulphate and 
oil-cake ns manures for the rice crop as their use offered the most, ira- 
porlflut singl? means of increasing the acre yield. But inspite of the 
offer of 50 — 6GB per cent, subsidy by the Central Gd •eminent for the 
, rale and use of these manures for paddy it is doubtful whether even 
10 per cent, of these manures supplied were actually used for paddy a% 
the profit derived from their use was snbstanpal in fnvonr of crops 
other than paddy. This is evident from the present acute vice scarcity 
. all over India. 

As profit is the main consideration with the growers in the use of 
manures for rice crop and the quantity of manures available in the 
country is very limited it is suggested that ammonium sulphate or oil-cake 
be supplied at n very much reduced price at depots in selected rice 
growing areas, the value of which being recovered in kind as paddy 
immediately after harvest. The use of these manures for rice should 
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also bo actually supervised by the stair. The Government should also 
guarantee to purchase a poatjon of the crop at a fixed price in order to 
provide aga.nst any local tall in price duo to difficulties of moving the 
crop. Government would presumably require this paddy for ei\il 
supply. There is no doubt that such a measure will lead to^ substantial 
increase in to total production of rice immediately to meet the grave 
emergency of rice shortage. 

(d) Transplanting versus Broadcasting.— Unlike other rice growing 
provinces and countries, where paddy is generally trail splated, over 
the greater part of Orissa, paddy is sown broadcast even though the 
conditions are quite suitable for cultivation of Ainan (Sarad) paddy as 
a transplanted crop both in the irrigated and rain-fed areas. TlirougU- 
iut Orissa the seed-rate used for broadcast paddy per aero is' usually 
40 seers (80 lbs.) and even as much as 60 seers (1^0 lbs.) in some of 
the areas, wlieeas for transplanting one acre of land seedlings obtained 
from 15 seers of paddy are more than sufficient. Experiments carried 
out oil over the Province have definitely proved that a transplanted crop 
of paddy will increase the, outturn by at least 3 maunds of paddy grain 
per acre over a broadcast crop. The main reasons fqr growing paddy 
as a broadcast crop are shortage of labour and plough cattle as trans- 
planting is a slow and laborious process. If even 50 p r cent, of the^ 
paddy area in Orissa is transplanted, the outturn would be increased by 
about 44 lakhs of tons of paddy worth approximately sis) crores of rupees 
per annum. Moreover, as the quantity of seed paddy required for trans- 
planting is about one third of that of the seed required for the present 
method of .sowing by broadcast, the saving of seed paddy that would be 
effected by the adoption of transplanting over 50 per cent, of the paddy 
area, would amount to about 1 lakh of ton of paddy per annum. The 
introduction and supply of labour saving implements at a nominal cost 
and compulsory transplanting of paddy wherever the conditions permit 
would undoubtedly lead to a big increase in the, outturn of paddy within 
2 to 3 years. 

(e) Control of weeds . — The conditions under which broadcast rice 
is gro\vn in Orissa favour the rapid and rank growth of weeds, of 
which Panicum crusgalH and wild rice are considered ns sei'ious pest. 
In the early stages of growth tliele are often mistaken as riee by 
inexperienced weeders . These weeds are so troublesome and grow 
so rapidly that if not eradicated timely they may smother the rice 
crop . Experiments show that two w edinsrs by the local wooden plough 
in place of one weeding which is generally practised by the cultivators 
not only control the weeds effectively but also induce better growth of 
the crop resulting in increased yield. In the absence of proper weed- 
ing*, wee,ds multiply in geometrical progression and become well- 
established as their grains shatter from the head easily and the wild 
rice also crosses readily with the cultivated riee rendering it very diffi- 
cult to eradicate this pest. The importance of high quality seed free 
from gra«s, other weed seeds and wild rice is also emphasised for the 
prevention of weed growth on riee lauds and consequently increased 
yield of rice from the laud 



tf) Improved Implements , — The bullock drawn woodebi-plough is 
the mainstaj- of Indian Agriculture. With such a plough lands cannot 
Sir ploughed till the soil is thoroughly soaked with rain water and th® 
wooden plough does not . do anything more than merely scratching' iho 
surface soil, portions of land here and there remaining untouched' by 
the plough. There is a great need for the more extensive use of light 
iron-ploughs suited for bullock draft for the inversion of the soil to 
an even depth of 5-6 inches for soil aeration, better conservation * oJ 
water and control of weeds and grasses which grow luxuriantly in 
paddy lauds. There is sufficient evidence available to show that by 
deep and more efficient ploughing of paddy land with light iron* 
plough, the yield of paddy per acre can be increased by at least 10: per 
cent, over the present method of scratching tin* soil by light wooden- 
plough. An important factor which has prevented the use of iron-plough 
on a large-scale has been the absence of suitable arrangement for repairs 
and replacements of parts. 

After the ploughing of paddy lands, harrowing in all directions across 
the fields is done for 6 — 8 times. This operation breaks up the soil, 
which is reduced to a pasty mud and levels the surface soil in addition 
to cutting and burying the weeds. This worked for the transplanted 
paddy is spread over a period of about H months, one pair of cattle 
being employed for an area of 5-6 acres As preparatory cultivation 
operations are to be completed within Hie limited period: for timely 
transplanting of the crop, these essential operations are generally skipped 
due to dearth of labour in the proper season. If the improved harrow 
which has a number of rotating blades that cuts the weeds and puddles 
the soil and is found to he an efficient labour saving implement is 
introduced, an area of 10 — 12 acres of land can be properly harrowed 
by one man and a pair of cattle within tiie, same period. The intro- 
duction of these simple improved implements with efficient servicing 
and supply of spare parts are matters of greatest importance for increased 
productivity of land. 

(g) Irrigation , — Rice is a semi-aquatic crop. A plentiful and 
regulated water-supply at certain periods oE growth is the first requisite 
for successful cultivation of rice. The yield of irrigated rice crop per 
acre is on an average 50 per cent, higher than that of unirrigated crop. 
But the irrigated rice area in India is not eyen 5 per cent, of the total 
cultivated rice area. Rice is mainly grown in India as a rainfed crop, 
the rainfall varying from 30 — 250 inches in different regions. Even 
in regions where the total is adequate ii is very unevenly distributed 
necessitating irrigation for supply of water to the crop at the proper 
time needed. Although there are big projects of construction of irrigation 
canals for harnessing of the water of rivers, it is estimated that only 
a limited area can be supplied with canal -water as irrigation by flow is 
not possible in most of the areas. 

Abundant supplies of underground water are usually available in 
the rainy season and wells capable of supplying water for rice irrigation 
to supplement the natural rainfall during the periods of drought G5* 
TJGICAR 
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"be sunk in nearly all parts oi’ the country. There are many opportu- 
nities for this type of development, where water can be obtained by 
Jour' lifts from wells, streams, roadside ditches, lakes, tanks and rivers 
.either by power-pumps or bullcek-driven appliances. It is, therefore, 
-stressed -that more attention be paid for construction of both percola- 
tion’ wells and tube-wells for tapping the underground supply of water 
: ?fo’r v drrigation of rice with which production could be. increased imme- 
'nluttcfy':’ 

Bunds in rue fields.- The field bunds or ails are made to de- 
marcate individual plots although the main purpose of these bunds it to 
'hold tlie rain-water or irrigation water on the land and prevent its 
^escape.’ The holdings of the cultivators are not in compact blocks 
are divided into small scattered plots. This fragmentation has 
gone to si if 1 1 an extent that the individual liny plots arc generally 
of the size of l|20th of an acre. The innumerable bunds or ails divid- 
ing the plots have become narrower and narrower making it not only 
.impossible 1o hold the water to necessary for five growth of the rice, but 
is also throwing out a good deal of arable area out of cultivation and 
this wastage of land in t lie aggregate is considerable. Although legisla- 
tion will be required for consolidation of holdings and prevent their 
fragmentation, yet steps should be taken immediately to enlighten the 
cultivators of the numerous advantages of having wider ails of 2 feet 
with l foot high and i e-building the ails every year, to prevent great- 
toss of water mun the fields which oeetir due to seepage and crab-damag“ 

. to the narrow and unrepaired ails and also for checking loss of rich 
surface soil during the heavy rains, llogular watching of water and 
ms to prevent loss of water during jj, p period of growth of rice is of 
r greatest importance fo r increasing the yield of rice. This is one of the 
best ways of conserving the rainfall or irrigation water in the rice fields, 
n some of these areas blocks of land varying from 10—15 acres should 

fH°ert be * by r nnrIs or elnb anlcmen.ts 5 feet and 21 feet high 

tied tilth sluice gates for conservation of water and draining ih e fields 
ot surplus water when required. 

- DnnWt'-ln. areas of heavy rainfall with low-lying areas and 

water Ci^ er % thC r oWl,1 V1 " 0t on<? of AVater conservation but of 
and oriJL V ^ VaSf are T a ()f tIw 3 Provinces, viz., Assam. "West. Bengal 
8 L2hT«« “ er .' n : i)Ietf ' 1 - v ""^wwa tmder water for more than 
rainy *JLJ d Wth wator level risin ? from 5—25 feet during the 
and 3 does not if f°? e , L areas ' vhcrc tlle rise of water is gradual 
the areas wher ., ,e ^° 1 111 ^ 20 foet deep-water paddy is grown, whereas 
water if n H ° of ' Va1( * ^«ds 20 feet and the rise of 

• If such ' areas ca,mot bfi ? vown or is invariably damaged. 

• claimed by di-aim™ * V. cstni,,,tr d be about a million acre is re- 
' he grown with piflZ T* K ° r construc ^ 0n embankments those could 

in ? lttT ""«• - 

tile Sill from ™ tl,PS * Jow-lymg areas is very fertile as 

: -wiishc'd down an 7 0l \ a l ld b) P s °d of the surrounding lands ’arc , - 

•’•growth of the'e-n fi >0S1 ^°d Ihere. The water so necessary for the 
of the even is also available by natal source in plenty. If 
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these fertile lauds which remain uncultivated arc reclaimed by "drainage 
cuts and dykes, and suitable varieties of paddy arc grow.ii, the"' food 
resources of the country can lie increased by at least 35 lakhs of tons ol 
’ice per annum. * . 

As sowing, planting, as well as harvesting of rice crop depend- 
largely upon the condition of the field and heavy clay soils which 
naturally dry out slowly, drainage is a most important feature. About 
10 days before the crop matures the water is to be drained off the iields 
and the soil allowed lo dry. H this is not done and there is also un- 
timely rain at harvest time ripening is uneven and delayed, the crpp 
with the heavy panicle is liable to lodge making it troublesome to harvest 
and the grain damaged resulting in lowered yield. Provision of thorough 
drainage is the only solution in preventing this loss of paddy which in 
aggregate would amount to lakhs of maunds. 


Introduction of deep ivoirr paddy. — Tlu’s class of paddy is grown in 
areas where wrier during the rainy season collects lo as much as 
10 to 20 fed. A large lowlying area of the throe coastal districts of 
Orissa, viz., Cuttack, Balasorc and Puri known as pat lands remains 
completely submerged under water during the rainy season which gives 
it the appearance regular lakes. The accumulation of deep water in 
such areas for a period of more than seven months in a year makes it 
impossible to grow KJiarif paddy crop with the result that such vast 
areas of veiy good land which is < sti mated to he more than two lakhs of 
acres remains fallow or is grown in a .very small part on the margins of 
lands with rabi crops or Dal ua paddy in the spring. While deficiency- 
in rain can he combated bj r taking recourse to irrigation, there seems 
to he no easy remedies -to get rid of the excels water from such deep 
and low-tying lands. lint in the wise and henefieient economy o£ 
nature r medics have been provided with which this enemy to culti-, 
vat ion can he successfully tackled. One of these most useful remedies 
has been found in the deep-water paddy recently introduced to Orissa 
from Assam, which is admirably adapted to resist the ravages of' 
excessive water, thereby making it possible to bring under patlcty' 
cultivation such vast areas of land without env expenditure on redlining 
lion. 

. *5 

The soil in those low-lying areas is heavy clay and owing lo the. 
depositions of top-soil from the high lands which is washed down by the 
running streams and channels that flow from the Western range of moun- 
tains. the fertility of the land is very high. 


The peculiar characteristics of the deep-water paddy lie in tlm fact 
that unlike oilier classes of paddy, it can stand complete submergence 
for 10 to lii days during periods of sudden water rise and has liie 
power to grow and keep pace with the rise of wate” level always kcepihj? 
its head above water. The oilier important characters of Ihis paddy 
arc nodal iillerings which under favourable conditions form oar-lieacfs 
and formation of nodal roots which absorb nutrients held in solution in 
the surrounding waler. 
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$brk done by the Department o£ Agriculture, Orissa, with deep 
rater- paddy for the last three years has given very promising and 
successful results. A number of cultivators have already takeu to the 
cultivation of deep-water paddy in their lands with great success which 
Used to remain fallow perpetually to excessive water-logging. 

- It is suggested that if suitable arrangement is made for the supply 
of seeds and "hand in hand with this n great deal of propaganda and 
demonstration orlt in the direction of tillage, correct time and method 
of sowing and planting is carried out, this vast area of more than two 
lakhs of acres of fertile land with an assured water-supply can he 
reclaimed simply by the cultivation of deep-water paddy, thus adding 
to the food resources of the country to the extent of 15 lakhs of tons ol 
paddy every year. 


SUBJECT NO. 5. 

The possibilities of controlling the rice stem borer, Schocnnobius 
bipunctifcr Wlk. and the maize stem borer Chilo sonellvs by means of 
their natural enemies. 

Br 

E. S. Narayanan, M. A., Pli.D. (Bond.), D.I.G. (Bond.) F.R.E.S. 
Parasitologist. Jneharge. Entomology Division, Indian Agricultural Re- 
search Institute, New Delhi. 

The problem of the maximum production of food from the soil in 
our country especially in respect of cereals tliat assumed particular signi- 
ficance during the war years after the tragic famine in Bengal has be- 
come even more so in the present period of uneasy transition between 
war and peace when there is an acute world shoi'tagc of food. The 
slogan ‘produce or perish’ especially in relation to food is not a mere 
political catch work but a national urge to increased production to make 
this country self-sufficient in the matter of its food supplies. Since the 
, Government of India launched the food drive about seven years ago 
hundreds of thousands of acres of land have been brought under food 
crops. The increase and change ove" from cash to food crops ami the 
clearing and bringing in of large areas of virgin lands under the plough 
have yet by no means i*eaebed their maximum limit and are bound to 
increase much further as seasons pass by. But it is not possible to 
reach our national goal of self sufficiency by merely increasing the area 
of cultivation. There are other important factors such as better seed, 
'application of the right type of manure, preservation and control of plant 
disease and last but not the least the reduction to a minimum by modern 
control methods the damage caused by Ihc insect pests. The last factor 
is an important factor, for the damage caused by insect pests can some 
times be. very serious. Insects as is well known multiply in geometrical 
progression and if even only a few females are left undetected or neglected 
\R the held, they will multiply in thousands in a relatively short period 
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-ind produce results that eau only be described as disastrous, Au insect 
assumes the status of a pest in relation to its environment and one of the 
chief factors governing this environment is an unlimited supply of food. 
Many insects that are no more than harmless scavangers in their primeval 
state have become posts of first class importance when their potentialities 
to reproduce and increase have been rendered possible by a generous food 
supply. As Professor Munro observes “the growing of crops in large 
but compact areas and the cultivation of pure crops of only one plant 
are wholly artificial phenomena. They afford the insect an uninterrupted 
nd large supply of its host plant and thereby favour their increase. An 
insect living on wild Solananeeae finds it host 'plants scattered and mixed 
with plants which have no interest for it, hut the same insect arriving 
in a potato field finds an unlimited and uninterrupted food supply. When 
its numbers increase, dispersal is no longer necessary to ensure adequate 
feeding or breeding ground. The risks which such a dispersal, necessary 
vhen tfic insect is living in a natural environment, entails are avoided 
in the potato field, and by the mere act of cultivating his crops as pure 
crops extending over large areas, inan favours insect attacks on these 
" crops’'. 

It is proposed to discuss in this short note au aspect of control that 
will reduce the damage caused by Iwo serious insect pests of rice and 
maize, two of the important cereal crops grown in our country. Those 
who have seen rice cultivation in this country extending over miles alnd 
miles as far as the eyes could reach in the low lying plains of Western 
Bengal, the delta tracts of Godavari and Krishna in the South on the 
fertile coastal areas of Tanjorc can vividly imagine what havoc a pest 
is capable of doing when once it gets an unrestricted entry. Bice is a 
very important cereal crop in our country and the staple food of millions. 
Maize is another important cereal crop and though not as important 
as rice or grown in such a large continuous bcK as vice is nevertheless a 
valuable economic crop. The imperative need for reducing the damage 
to the eminimum caused by insect and thus increase the yield from 
a unit area needs no emphasis. 

Rcftocnobhi binunciifcr Wlk. the paddy stem borer is a very serious 
pest of rice and is distributed throughout the tropical regions of South 
East Asia. The pest has been observed to do damage in all the rice 
growing areas of India. It belongs to the order Lepidoptera and the 
family Pyralidae. The broad outlines of the life history of the pest 
are well known. The female moth lays an average 60 — 100 eggs on 
the paddy leaf often towards the tips and covers them with buff coloured 
hairs. The eggs hatch out into larva that tunnel into the stem and 
destroys the central shoot in young plant and ear heads in mature 
plants. When full fed the caterpillar is about an inch qr an inch and 
a quarter in length and is pale yellowish in colour. It pupates within 
the stem in a transparent silken cocoon and the adult moth emerges 
through a hole made by the caterpillar before pupating. 

Chilo sonelhts the maize stem borer is a very serious pest of maize 
and the damage caused in the early stages of the crop can often times 
he very serious. Some times the whole field may be wiped out. The 
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pest is distributed throughout India wherever maize is grown. It belongs; 
to the older Lcpidoptera md family Pyralidae. Hie female moth lays- 
seale like overlapping clusters of eggs from 10-30 on the under 
surface of leaves near the mid rib. The young leave that hatch out 
bore into the stem and destroy the control shoot. Pupation tallies' 
placv within the stem. At the end of the pupation period the moth 
emerges . 

Of the six principal methods of insect control namely the mechanical, 
the cultural the physical, chemical, the biological and the legislative, 
the biological control of insect pests some times decscribed as the biolo- 
gical basis of insect control has attracted a good deal of attention with- 
in recent year. The almost spectacular success that attends the intro- 
duction of the lady bird beetle, liodolia cardinal is - from Australia to 
California to subjugate the cottony cushion seale, Iccrya purchasi that 
was throating the horticultural industry of that state with extinction, 
which has been described by Howard as a “Classic .an applied Ento- 
mology and Horticultural” and the equally astonishing successes that 
attended the introduction into the Hawaiian Islands of two clialcid 
egg parasites, Paranagrus oplabilis from Queensland ami Ootctrastichns 
beatues from Fiji to control the sugarcane leaf hopper, Pcrkiimclla 
saccnaricida Kirk and the Tachinid parasites Pycliomia remota into 
the Fiji Island for the control of the Lcvnaun caterpillar Lcvuana . 
indcsccns that was causing serious damage to cocoamit plantations have 
greatly added to the popularity of the method. The romance of the 
biological control of the prickly pear Opuntia dillenii by the molly hug, 
Dacfylopins lamcntosus in $outh India is too well known to need any 
detailed comment. The biological method is more fundamental in its 
approach and when successful is the economic method. As Thompson 
observes the mechanical and chemical method of control have 
to be repeated year after year and the cost is often excessive and the 
technical difficult ies involved enormous. Professor Munro concurs with 
Thompson with this view and observes “Insecticides as a class are 
palliative measures bringing about a more or less rapid decrease of 
the insect during the first or second seasons of its abundance. [Mechani- 
cal measures, such as fly traps, grease bands placed round trees to enti'ap 
willingless moths or wandering caterpillars or bait traps designed to 
attract moths, weevils, and ‘wire worms,’ are also still largely employed 
merely as palliative measures designed to secure relief during severe 
attacks’ 7 ! 

Now let us examine if we can apply the biological method of control 
in the case of the riee stem borer and the maize stem borer. The eggs 
of Sehoenobues bipunctifer are parasitised in nature by three well known 
parasites. These are : — 

1. Tctrasiichis schocndbi, 

2. Phanurus be nc ft cicns, 

3. Trichogramma crane scons minuium. 

The last named parasite T rich or/ ra mm a cvancscc.ns mini'll' m is bred 
in million in various centres in India for the control of Hu* sugarcane 
stem borer Argyria sliciicrnspis . We can liberate this*, pata sites in 
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-the field against Sehoenopius and see if can get a measure of control. 
As regards Tctrastielus and Phanurus, it is suggested that these para-, 
sites he conserved in the field in suitable cages so that the parasites popu- 
lation may increase in relation to the pest population. At the same 
time we have to make laboratory studies for finding out suitable alternate 
hosts for breeding Tclrasticus and Phanurus in millions. From labo- 
ratory studies carried out in the Indian Agricultural Research Institute, 
•it has been found mat that Triehoyramma cvancsccns minutum liiley 
readily parasiteses the eggs of the maize stem borer Chilo zonellus. We 
liberated parasites in the field at Ihe rate of 16,000 parasites per acre as 
the attack by the boi*er was very serious and obtained about 80 per cent, 
of parasitisation in the field and a very fair measure of control. The 
experiment will be repeated but the results obtained so far arc very 
encouraging. 

As lias been emphasised above, the biological method of control is 
more fundamental in its approach and if we succeed in controlling 
these two pests b)' means of their natural enemies we would have written 
another chapter in the story of applied entomology in this country. 


SUBJECT NO. 6. 

Consequent on the division of the country, to consider measures 
to be taken from the short range and Jong range point of view to maxi- 
mise the production of food, particularly cereals in India, so as to 
reduce her dependence on imports to the minimum extent possible, and 
to suggest five year target to increase such production for such Unit. 

By 

R. S, Yasudeva, Ph.D. (Loud.), D.Re. (Loud.), D.I.C., In 
Charge, Division of Mycology and Plaut Pathology 

AND 

S. P. Rayehaudluiri, M.Se., Assoc. I.A.R.J. Assistant Virolgist, 
Division of Mycology and Plant Pathology, Indian Agricultural Research 
Institute. 


INTRODUCTION. 

The division of India in August. 1917 has made the problem .of 
the food supply extremely complicated and we have, therefore, to critically 
examine the moans by which the production can he increased so as |to 
meet our requirements. In the Indian Union now the immediate problem 
is the feeding of 317.696 million nf people whereas the land area 
under food grains and potatoes is about 364,964,252 and 393,800 acres 
respectively. Taking 1 lb. as average of food grains per head per day 
as the normal requirement about. 51.8 million tons of graiu ore required 
•to feed the present population in the, Indian Union. The effect of the 
increase of population which is estimated at nearly 5 million every year 
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on the food situation also requires to be borne in mind. The average 
production of food grains in the Indian Union is estimated at about 41.2 
million tons. Taking into consideration that 4 per cent, of the food 
grams are reserved for seed purposes and loss in storage about. 5 per 
'cent., the total shortage on thes- accounts is 3.7 million tous. Out of 
a total 41.2 million tons produced, only 37.5 million tons are therefore 
actual^ available for food purposes, and considering our requirement 
at 51.8 million tons, we are to begin with facing a deficit of about 14.3 
million' tons. | 

The world food requirements in 1950 assuming 25 per cent, in- 
crease in world population, has been estimated by F.A.O. It" has 
been suggested that the production of cereals and pulses must be raised 
by 21 per cent, and 80 per cco.it . respectively to meet the normal food 
requirements. From the approximate optimum requirements of food 
for an adult, particularly the major cereals, it is necessary that the 
production may he considerably stepped up if the food requirements of 
the people in the Indian Union have to be adequately met. Efficiency 
<?n production of agricultural crops in India is at a very low level in 
comparison to other countries, and great efforts require to he made to 
raise the level. As much as possible of the vast area of 86,639,748 acres 
lying as waste laud as well as the cultivable land lying fallow for the 
lack of population must be brought under cultivation without further 
delay. The yield of food grains for every acre in India can be increased 
by about 20 per cent, by the protection of crops against diseases and 
pests and by the introduction of high yielding diseases resistant varieties. 
jThis only would enable us to meet the deficit of 8'. 24 million tons of 
cereals. The average > ield per acre of cereals in the Indian Union is 
very lower than that of most of the other countries. 


CEREALS AND PULSES 

The average yield of rice per acre in our country is about 763 lbs., 
while countries like Egj'pt, Japan and Italy have an average yield between 
2,688 and 4,256 lbs. The rice crop suffers considerably from ‘Helmintko- 
sponum disease and from stew rot’. Ilelmiuthosporium disease was 
partly responsible for Bengal Famine, in 1942. In some districts this 
disease appeared to be the chief cause of the failure of the crop. The 
primary infection ean bo controlled by the liot water treatment. Also 
Diphenyl vapours appreciably reduce the wastage of paddy due to 
infection with Hclwnithosnoriv.m. 


• ^V pp . r0 ^ mat ? idea of tllc loss lIue io st<? m rot ( Scleroimn oryznc ) 
m the Punjab has been estimated at three-fourths of the entire crop in 
certain seasons and reduction in yield. 5-15 per cent, occurs almost every 
year The extent of damage due to this disease in other parts of the 
country is not known. Basmati and Mvshhan groups of rice have been 
iound to be most resistant to the disease in Punjab. In addition to 
burning the diseased stubble, construction of strong and high bunds round 
the infected plots and proper irrigation and aeralion of the soil have 
2™? effective in cheeking the disease. The blast disease of paddy 
also leqmres special mention as it is responsible for very heavy losses! 
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•The loss due to this disease both in Madras and Bombay has been reported 
to be serious. It is reported from Supa Petha in Kanara district of Bombay 
■which has about 8,000 acres under paddy that the loss due to the blast 
disease recentry has been 370 lbs. per acre, so that the loss to this small 
area, alone the Government rates is Ks. 3,20,000. No suitable measures 
of control of this disease are so far known and necessary investigations 
along these lines have been taken in hand but the work requires to be 
speeded up. 

The average yield of wheat in India is estimated at 642 lbs. per 
acre as compared to 1,878 lbs. and 1,728 lbs. in Egypt and Jap.an 
respectively. The losses in yield due to rust and loose smut of wheat 
arc very considerable from year to year and are in certain years res- 
ponsible for the entire failure of crop. Measures to control the rust 
epidemics require to be investigated and work on the evolution of rust 
resistant varieties requires to be extended. .Loose smut of wheat lias 
been successfully controlled by the solar energy method wlkich has 
proved great success both in the Punjab and Bjhar, In addition certain 
'Varieties of wheat evolved at the I.A.B.I. have Shown considerable 
resistance to the disease. 

The looses due to the smuts of Jowar and Oats are also serious. 
Gram smut of jowar has been controlled by the use of sulphur dust of 
a high degree of fineness. The modified dry spray method of apply- 
ing formaldehyde to the smutty grain which is. employed at the I.A.R.I. 
for controlling covered and loose smuts of oats has been found to be of 
great practical value. 

Eehnmthosporhm disease of barley which appears in severe form 
.almost every year ean be .practically controlled by seed treatment with 
nu miric compound. The disease cannot be completely controlled by 
seed ti’eatment, as the organism lives in the soil and is present on 
greasses and other hosts. It is therefore essential to develop resistant 
varieties. Gram blight and wilt of .pulses too are responsible for tre- 
mendous losses to be crop every year. Financial losses incurred due 
to blight of gram in the Punjab alone have been estimated at about 
three to four crores of rupees annually. In certain localities , des-. 
traction of gram crop by the blight and wilt diseases occurred for 
many years successively with the result, that gram which is staple food 
of people in these areas was not obtainable and caused famine conditions. 
Type F8 has been found to highly resistant to the blight disease, and 
wilt disease can be kept under check by adjusting the sowing time. 
Varieties resistant to prgeon-pea wilt, a very destructive disease, have 
been selected at the I.A.B.I. 

POTATO 

Potato, one of the important food crops, is produced abundantly 
in other countries, aDd its production exceeds that of wheat and rice 
combined, which are the other main food crops. The area under potatoes 
in India is .much smaller in comparison to other countries and is esti- 
mated at less than one per cent, of the world’s acreage. The quantity 
produced, in this couptty is estimated to ( be about 1.57 -million tiras which 
is’ highly insufficient, as India was importing beforp the war potytoe? 
W6ICAB ' ' 
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■worth about 30 lakhs of rupees from other countries so much so that 
certain parts were wholly dependent on foreign potato. A regular 
liow of potatoes for table purposes cannot be kept up without a constant 
source of seed potatoes of high quality and some system of maintaining 
freedom from disease on a large scale so that the deterioration does not 
exjeeed the rate at which healthy material can be distributed. 

On an average about 109 maunds of potatoes per acre are produced 
in India as against 224 maunds in Belgium and 183 maunds in the United 
Kingdom. Compared with other important potato growing countries of 
the world, the yield pdr acre in India stands at the bottom. 

The chief cause of lower yield are the virus diseases. The incidence 
of these diseases is very heavy in most of the potato growing areas in 
the country. Losses to the crop due to virus disease alone in the , 
U.P. Bihar, West Bengal and East Punjab have been estimated at the 
I.A.R.I. and vary roughly between 10 and 22 per cent. The total 
loss in yield has been estimated at about 0.22 million tons annually in 
these areas alone and the financial loss incurred amounts to roughly 
Rs. 58,700,000 per annum. The total loss in the Indian Union, con- 
sidering the area under potato, masking of disease symptoms and the 
late blight disease of potatoes, would actually be much higher. 

The diseases are mostly carried in the seed tubers and steps have, 
therefore to he taken to produce disease-free seed stocks and distribute 
the same to cultivators. Prom statistical reports available in Canada 
it is obvious that the crop raised from certified disease-free potato* 
(yield double the quantity of tubers. While the raising of seeds 
which are completely free from disease is a long drawn process and 
will involve work over a number of years, as an immediate measure, an 
elaborate scheme to raise seeds comparatively, though not wholly, free 
from diseases must be launched on a country-wide scale. The use 
of such seeds will increase the j’ield of potatoes per acre by about 30 per 
cent, and thereby the total quantity of available food supply in the 
coulntxy The question of supplying disease-free potato (seeds has, 
therefore, an important bearing on increased food production. As an 
experimental measure, a small scheme in this connection has already 
been carried out at the I.A.R.I. for three years and the performance 
of the seed distributed under the scheme was extremely satisfactory 
regarding stand of the crop, disease iucideuce at the yield. 

The yields according to the reports of the U.P. Department of 
Agriculture average 233 maunds per acre as against approximately 175 
maunds obtained by the cultivators from the crop raised from the seeds 
received from other sources. The yield in the following year was 200 
maunds as against 135 maunds from the seeds obtained by the growers 
from other sources . The disease incidence in the crop raised from seeds " 
supplied under the scheme varied from 2 to 3 per cent, as against 
40 to 80 per cent, in the crop' raised from seed securecj from other 
sources. 
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The most satisfactory means of achieving the object would be to 
improve the quality of seed raised in the imp or taut seed cen- 
tres in the first instance and provision of adequated facilities 
to the growers for storage of seed in the cold stores. If this 
scheme is worked in co-operation with the progressiva growers in each 
administrative unit, the cost of running the scheme would not be high, 
but if the Government decide to purchase the seed so produced and pre- 
served it in the cold stores at their own cost, the expenditure towards 
the scheme can be conveniently met from the returns tinder the scheme. 

Measures to step up production . — The losses incurred due to various 
disease that attack the crops in India have not yet been accurately 
determined and there are no reliable figures available for this purpose. 
The only figures available are frbm U.S.A the losses in yield caused by the 
common diseases are recorded for individual States and for the whole 
of the U.S.A. The average loss during 1930-39 caused in the U.S.A. 
by plant diseases in twelve different crops whiek are important in India 
vary from 6 per cent, to 20 per cent, being highest in potatoes. The 
average losses in wheat and maize are 10 and 12 per cent, respectively 
'Wc liavc in India very large number of diseases which cause great 
losses to our crops. It is essential that we have accurate information on 
the destructiveness and distribution of the diseases so that first attention 
is directed to the most important problems and to guide effective pro- 
gramme for the control of diseases by their exclusion etc. The loss 
to the individual grower also requires to be considered with a view to 
determine whether the expense involved in conlolling a disease is justified. 
Most up to date infomation on the progress of epidemics is of great 
assistance in directing the growers practices in the immediate future, 
and reduces monetary losses because of low prices or high crop-yield 
predictions. It is therefore, indispensable that both pathologists and 
(growers he regularly informed of the distribution and Severity' of 
different plant diseases!. This information can obtained by regular 
plant disease surveys which should be undertaken without further 
delay. 

There are certain disease e.g., loose smut of wheat, grain smut of 
jowar, covered and loose smuts of oats, gram blight and potato viruses 
etc,, for tlie prevention of which definite control measures have been 
established beyond doubt. There is no reason why they should not 
be enforced for adoption by farmers to eliminate them and save the 
food crops from heavy losses. What is required is adequate staff or 
legislation . 

The measures both short range and long range to increase production 
are summed up below : — 

Short-range. 

1. Certification and. multiplication of disease-free seed stocks of 

cereals in cooperation with progressive powers . 

2. Testing out of improved varieties iin different tracts with a 

view to finding out the most suitable varieties.. 
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3. Production <>and, distribution'. of partially disease-free seed 

potatoes. 

4. Seed treatment 1 and protection of the growing crop against 

diseases. 

i 

5. Determination of the losses due to important diseases. A 

survey requires to be immediately taken up as little reliable 
data arc available. 

6. Provision of suitable seed-stores for 1 ceteals and potatoes. 
Long-range. 

1. Production of high yielding disease-resistant varieties suitable 
for different tracts. 

2‘. Seed Certification of potatoes. 

3. Investigation of simple and effective control measures of im- 
portant diseases of food crops. 
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ITEM NO. 5. 

Suggestions for increased production of food in India. 

(Note bt Dr, S. Y. Desai). 

' Hue to a variety of reasons, the -level of average production in Indio 
pel- acre is low in the case of most -crops. 4|5 of the total cultivated 
airqi -arjc dependent 'purely, on rainfall for .the success of tlieir Crops. 
Iiv much of llie area' tile rainfall ‘is precarious or, badly distributed. The 



cultivator hiras6l£ by reason of handicaps ‘ ov ignorance fails to make 
the best 1 use' of the land, the- rainfall or the irrigation. Manure is 
'either used inadequately or not used at all. The improved varieties of 
seed ai*c not available. Pest and diseases of crops are allowed to go 
unchecked. Weeds flourish uncontrolled, and in sloping land, the rich 
top s<$l is eroded and carried away through failure to control rainfall 
and surface water by bunding and other means. 

2. The cultivator can directly increase the production by paying 
proper attention to these problems. Similarly a poor return is obtained 
from liis livestock through inadequate feeding, indiscriminate breeding, 
indifferent management, and through ravages from disease, the uct out- 
put per animal in India is one of the lowest in the world. The increase 
in file population and decrease in fertile land are as great a threat of 
human society and atomic Bomb. 

3. I propose to limit my discource to the increase in production 
that could he brought about by adopting a new outlook on the manuring 
of the land to maximise the production. 

4. The Soils of India have a low reserve of essential plant nutrients, 
and; therefore, a heavy application of manure is necessary to obtain 
appreciable increase in yields as part of manures has to be used up to 
neutralize the depleted reserve. It is, therefore, essential to manure a ' 
small plot heavily than a large plot lightly, The immediate return' 
obtained by heavy manuring far exceed that obtained by using the same 
measure iu lighter doses. The possibility of remedying the inadequacy- 
of- manure by giving a full or an excessive dose of manures to smaller . 
areas by rotation requires to be brought to the notice of the cultivators. 

3. Every crop that is removed from the land depletes the soil of 
the thrde most important plant food ingredidnts, namely, nitrogen, 
phosphorous and potash. An average good crop removes about 40 lbs. 
of nitrogen, 20 lbs. of phosphoric acid, 40 lbs. of potash per acre and 
unless these ingredients are replaced the fertility oi the soil must naturally 
diminish. It has been recognised that extensive tracts of the country 
ara now at a stage of minimum fertility. This would indicate how vital 
is the question of adequate manuring in the country. 

6. The value of F.Y.M. lies not only in the nitrogen it supplies 
bdt also in the organic matter it adds to the soil. The production of 
dung and urine in India is computed to be equivalent to one million ton 
of nitrogen. It has been estimated that 40 per cent., of what is pro- 
duced is used as manure and the rest is either burnt or wasted duo to diffi- " 
eultics of collection. 

7. In India the use of cowdung as fuel has been long deplored but 
concerted action against this lias not yet been taken, the main difficulty 
bring the supply of alternative cheap fuel. Recent experiments have 
shwn that cowdung and litter can be used to produce fuel gas and at 
the 'same time yield highly efficient manure if fermentation is carried out 
in anaerobic tanks and Iho gasses evolved are collected. This process 
if adopted would enrich ihe soil by half a million ton of nitrogen per 
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annum and supply cheap- fuel at the same timo. This would lead to 
a permanent improvement of the land, as well as of the sanitary and 
economic condition of the villagers by provision of the manure, fuel and 
a cheap source of power in every unit area. The capital cost of tb/ 
installation could he easily liquidated in iifteen years’ time. The 
process is very hygienic as fly breeding is absolutely controlled. The 
production of bulky organic manures where it can be locally used up 
offers a very easy solution of the transport difficulties. 

8. The local methods of preparing F.Y.M. are highly wasteful 
and considerable proportion of the available nitrogen is lost during the 
preparation and application of the manure. 

9. A great stress is already being laid on the preparation of compost 
from town and other agricultural wastes for improving the productive 
capacity of the soil. All methods of production require manual labour 
and proper supervision to prepare compost of good quality. The manures 
so produced have been found to be of good value. 

10. Poudrette or night soil manure is not utilised in India with 
as much care and zeal or to that extent as in China and sewage utiliza- 
tion is still disliked by the farmer class- Experimental evidence lias 
shown that chance of soil sickness under tropical conditions are remote 
if the sewage is used judicially. 

11. Green manuring is often recommended. It succeeds when the 
soil requires only nitrogen and where sufficient amount of moisture is 
maintained in the soil during the period of its decomposition either by 
adequate rainfall or by irrigation. As no other mineral matter besides 
what was present in the soil is added to increase the reserve of phosphorous 
and potash the practice of green manuring can only add nitrogen to the 
soil by fixation from the atmosphere and can only benefit if the soil has 
sufficient reserves of phosphorous and potash. 

12. The green manure lias to be grown on a field, which can by 
adequate use of nitrogen manure produce some other good crop during 
the period, and, therefore, green manuring can be practiced only losing 
a crop. It would, therefore, he apparent that if nitrogenous manures 
are available the practice of green manuring is far from advantageous. 
But as there is a dearth of nitrogenous manures the practice of green 
manuring has to he utilized to enrich the soils. It has been established 
that the leaves of the green manure crop contain most of the nitrogen and 
produce the highest increase in yield as compared to other tissues of 
the crop and as such the question of manuring with leaves while utilizing 
the stems for the production of fibre, as in the case of sunhemp, requires 
to he considered seriously. 

, 13 . Oil cakes are another important source of manure. They also 
have. .an alternative use. But some oil-cakes like castor, and maliua which 
are., non-edible form a good source of nitrogen. Mahua cake requires 
to .be decomposed before application to -the soil and a process for the 
purpose has been evolved to show how benefit can he obtained by ut ilizin g 
this cake. 
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14. Researches conducted in India and abroad have established that 
legumes show a great response to application of phosphates and that 
application of P 2 0b in large amounts to legumes not only benefits the 
crop but it builds up soil fertility resulting in increased yield of the 
succeeding crops. This treatment not only fixes atmospheric nitrogen 
to supplement the nitrogen deficiency but also mobilizes the mineral 
requirements of the crop in easily available form. 

15. The practice of green manuring to increase crop yields and to 
supplement the soil nitrogen has much greater value if the crop is ferti- 
lized with phosphorous. The value of green manuring which is some 
times found doubtful is the results of using the practice on a soil deficient 
in phosphates or other minerals. It is not fully realized that the 
practice of green manuring can only add nitrogen .to the soil and the 
importance of other mineral deficiencies as a limiting factor in Indian 
Agriculture is still considered secondary. 

16. The nse of F.Y.M. and other organic manures has a strong 
appeal to the practical farmers and the easy availability and familiarity 
with the, manures is the major factor of its hold on the farmers. The 
artificial fertilizers which in our country have been synonymous with 
nitrogenous fertilizers lias not given very hopeful results when used 
by themselves but when used in conjunction with organic manures like 
F.Y.M. oil cakes or compost the beneficial effects have been more common. 
But we have still to realize the most beneficial effect which arises from 
manuring legumes with superphosphates. 

17. A microbiological method has been evolved at the I.A.R.I. 
which can give a very good indication of the mineral requirement of 
the soil within a short time and if the manurinl deficiency is made 
good by balanced manuring an increase in yields is sure to results. 

18. Even without any chemical or Bacteriological or field trials it 
is possible to suggest manuring schedules by a competent agricultural 
officer if he realizes that for increased production the mineral deficiency 
other than nitrogen be attended to. The nitrogen could be made good 
by fixation cither by a Legume in the rotation or by a symbiotic nitrogen 
fixation. The nitrogen so added to the soil is much more valuable to the 
crops as it is retained and not lost as is the case when it is applied 
as a fertilizer. It is very significant that nitrogen content of plots 
manured until phosphate is much higher than those of plots manured 
with nitrogen and the nitrogen status of the soil could he .maintained 
high only if the phosphate and other mineral status is maintained at a 
proper level. Thus the nitrogen deficiency is a secondary deficiency 
and if this is recognized as a fundamental basis for all advisory work 
the fertility status of the soil could be increased beyond the most opti- 
mistic expectation. 

19. It would not. be out of place to mention that the enormous and 
.undreamt of increases in yield now being obtained in TJ.S.A. are largely 
due to the application of mineral fertilizers mainly other than the nitrogen, 
(phosphates and limes) and growing a legume fodder to bring about 
the right type of humus formation with balanced minerals and nitrogen 
to meet the needs of cereal crops, 
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20. Our soils wave been highly depleted of Phosphorus which has 
brought in its wake nitrogen difieiency and they have -been so depleted 
that, n single manurial application is not able to bring its productive 
power to a high pitch, what we need is a treatment of rejuvenation for 
our soils and how this can be accompb'shed.has been recently shown by 
the work of Mr.. Parr who obtained very high yields of cereals by manur- 
ing herseein with phosphates and improving the mineral and nitrogen 
status of the soil. It. may be. mentioned that winter legumes have been 
found to he much more effective .in. bringing about soil rejuvenation than 
Eharif legumes and fodder legumes are belter than legumes grown for 
seeds. Tf by any treatment a very good fodder crop of legumes specially 
winter legumes is obtained, the soil gains in fertility and it would 
ensure good yields of the following crops. Thus what we need is a 
suitable rotation. including a whiter legume (preferably, a fodder legume) 
and a soil treatment to supplement all deficient minerals to bring about 
the good growth .of this legume. If wc can achieve this by whatever 
treatment locally suitable the crop yields of the following cereals could be 
increased not a meagre 10 .or 20 per cent, but by hundred per cent. 
The crying need of the country is to replenish the soil phosphates. It 
has been recognized now that phosphnte is the bottle neck of worlds’ 
.hunger. The low yields in India is the direct result of the neglect to 
replenish the soil phosphates which has resulted in the soil deterioration.- 
The organic, manures contain to some extent this phosphorus and the 
beneficial effects specially ascribed to the organic manures could be 
attributed to the supply of phosphorus in an organic form which becomes 
’available to the crops. 

21 . The whole outlook on the fundamental conceptions of soil ferti- 
lity requires a radical change. The quality of humus produced by 
balanced mineral mitrition is very important in increasing the soil fer- 
tility. "With the same amount of low quality humus, the soil may he 
barren. The quality of the humus depends on the mineral status of the 
soil and not on the amount of organic matter added to it. 

22. The crops raised with phosphate manuring in India contain 
•larger percentages of phosphate and nitrogen than those not so manured. 

23. It is known that the nutritive value of fodder and feeds for 
animals is improved as phosphate content increases. The poor type 
of indigenous cattle in area deficient in phosphates is a problem in 
India which has not yet been visualized. 

24. By the systematic use of phosphate with the appropriate legumes 
either as fodder crops, green manures or pulse crops, Indian crop pro- 
duction can be very considerably improved not only quantitatively 
but also qualitatively . The advantages of these improvements will be 
shared by the domesticated animals. The method ensures moreover not! 
only higher production of phosphate rich protein fodders but increased 
yields of all crop byeproduets which make up animal feed. As the 
means whereby the phosphate is kept in circulation, farm animals play 

a part the importance or which has hitherto never been appreciated in 
tin's .country, 
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25. If the above indicates the existence of a fundamental principle, 
very far reaching implications are involved. Phosphorus is immediately 
brought to the forefront of the soils’ requirements, nitrogen is relegated 
to second place. If care is token of the phosphorus the nitrogen will 
look after itself. vao 

26. Some realisation of these trends is evident in regained pros- 
perity brought to the derelict area of the United States of America by 
the Tennessee Valley Authorities through phosphate manuring! The 
recent experiment carried out at the Imperial Agricultural Research 
Institute show the power for crop production which lies behind the 
proper use of phosphate in Indian soils. The whole living kingdom 
is largely dominated by the phosphorus content of the soil. Evolution 
is in part an expression of the earth’s phosphorus utilization. 

27. In the progress of civilization and in the welfare of nations 
the part played by phosphorus has perhaps not yet been visualized. 
Phosphorus is a notional asset of vital importance. The health and 
advancement of a nation may depend on the amount which can be put 
into the active circulation through the soil. 

28. The need for intensive study of the use of phosphate in Indian 
Agriculture is urgent and pressing. India must look to her supplies 
and seek the means of augmenting them. 

Subject 5 . — Methods to maximize production of rice. — Short-term 
policy — (1) Increase of area. — (a) Under kuruvai in Cauverv deltas 
by opening the channels earlier by 15 days, it mav be possible tn inoren«e 
the area by 20 per cent which may be put at 40,000 acres yielding 40,000 
tons of paddy. 

(bl Increase the area under Basangi, which is a heavy cropper in 
' the Godavari East and West, by opening the canal water somewhat earlier 
and not penalize planting earlier than June I5th. 

(c) The well digging scheme has to be reorientated in certain districts 
which are poor and where the ryots are not able to take advantage of 
the system of loans, viz., Malabar, Chingleput. The feasibility of under- 
taking the digging of wells by-the Government themselves may be examin- 
ed in the light of the above experience. By the wells, it may be possible 
to increase the area under second crop in Malabar and also the third 
crop area. With 30,000 wells we may expect 20 000 tous in Malabar 
itself. Further, these wells ensure a more secure harvest in the second 
crop ns also the first crop which are usually affected by insecurity of 
the monsoons. In Chingleput, North and South Arcot, Cuddapah, about 
20,000 tons may be expected on this account by about 10,000 wells in 
each district. 

(2) Intensifying the cultivation — (a) Manuring progmmme..— Tho 
available resources of the concentrate manures of the province mav ho 
better spent in those areas which give the highest return?, e.g., in Coim- 
bntor Madura, Tinnevelly, Tanjore, Godavari and Ki*tna deltas. It, may 
not be very advantageous to dissipate the use of cakes in all kinds of soils 
It may also be pecessavy to ban the use of oil cakes for other crops till 
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some lime, (b) The extending of growing of groundnuts in all places 
feasible, specially on the modan of the West Coast and under certain 
canals during second crop season of the Godavari and Kistna deltas. 

(3) Seed Multiplication. — The results of the schemes for rapid 
multiplication and supply of improved strains of rice as at present 
operated are not as successful as one would wish them to be in the back- 
ward tracts of Malabar, Chinglcput, etc. In these areas, the cultivation 
of the seed fauns iu the primary and secondary stage under direct super- 
vision and control of the department, the provision oL Government 
godowns in move places, so that the cultivator need not go long distances 
for seed and encouraging certain enlhusiadic people to ‘grow the depart- 
mental seed undci direct supervision and certifying them as good seed, 
are calculated to sliced up the multinlication of improved strains. There 
should only be a small difference in prices between the value of the 
Government seed aud the local price .for paddy,. In the • progressive 
ulcwi. these effort*# may be more concentrated. 

By the jears time it may be possible to cover 75 per cent of the 
total area ol - tile province with improved strains which at modest estimate 
would give an increase of 150 lb. per acre and amount’ to five lakhs of 
tons on seven million acres. 

The disparity in controlled prices between (lie ‘fine’ and ‘coarse* 
rices should he small so as to encourage ryot to grow fine hinds which 
are usually ievi yielding than coarse rices, 

Lony-fr ,’jm policy . — This would include the irrigation schemes, 
impioving the tenure laws to pul the tenant on a move secure position. 
Improving the standard of living of the actual cultivation to bestow 
more attention and energy on land, production of more fertilizers are 
beyond the seopo of the present note. 

M. B. NARASTNGA RAO, 

Fit (l rly Specialist. 

Madims Aortcultukal Department, 

12 th Dc ecu, her 1947. 

“or official use only 
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SUBJECT 5. 

CONSEQUENT ON TEE DIVISION OP THE COUNTRY, TO CON- 
' SI DEE MEASURES TO BE TAKEN PROM THE' SHORT- 
.’RANGE AND DONG-RANGE POINT IN INDIA SO AS TO 
. REDUCE HER, DEPENDENCE ON IMPORTS TO THE MAXI- 
MUM EXTENT POSSIBLE, AND TO SUGGEST FIVE-YEAR 
TARGETS OP THE .INCREASE IN SUCH PRODUCTION FOR 
EACH UNIT OP, ADMINISTRATION COMPRISING INDIA. 

The aim is to maximise production of food crops. The objective of 
the Department has also been to improve crop yields in the different 
localities. This is of course the first step towards achieving theg’oal oi 
maximum production in every crop, obviously Peeping the cost of culli 
ration ai the minimum or al a reasonable level. The maximum yiela 
that can be obtained from any crop in any locality cannot be accuratelj 
judged. unless series of experiments are conducted with necessary pio- 
portions oj the factors of production, subject to the working of the law 
of ‘ Diminishing Returns ’. This will take a long time, before reliable 
data can he obtained. However, wc have sufficient experience by means 
of' previous experiments in the line and also by the performances of strains 
iiul local yields to judge- 1 within a small percentage of error, what ma> 
oe the average maximum \ ield that could lie obtained in any locality 
tVe have also to take into consideration the nature of the soil, inherent 
fertility, facilities for improvements in the art of cultivation and appli 
ml ion of heavy doses of manures. e.tc.. before wc fix up the targets foi 
maximum pioduetion. Of course, if is nol possible to achieve the result 
m a short time, hut the effort in this direction has to be planned ovei 
5 series of years so that the target fixed us maximum production, ea < 
Of j.mehou step by Mop. To begin with it may be a five-year plan and 
fo this end, the following scheme may be considered as an aid in. tlu- 
»ll-out effort of the department 1o ivnximise production in food crops 

Octrois of the sc/icmc.-- Eveiy taluk is in charge of one Agricultural 
Demonstrator. Each firlca in the taluk may be considered as an anil 
area in this respect, though several firkas may be covered by the same 
kind of soil system of cultivation and cropping. The district work 
registers plmw no doubt the work done in the taluk, at the various 
rillages, selected as centres and other activities of the Demonstrator 
in the past. But the great point is whether the work in the various 
raluks has been going on with the ideal of target figures in their activities, 
particularly in the improvement of yields of crops. Owing to transfers 
and heaey administrative duties, demonstrators and Disiriet Officers 
as well, have not been in a position to assess in a comprehensive manner, 
the potential wealth of each lalulc of the districl and formulate a 
programme for art intensive drive to achieve the desired results, espe- 
cially in crop yields ; I may call this as the ‘ Firka potential * and the 
‘argot as ‘ Firka Target ’. Both irvy be the Fame for several firlca* 
as in the oa'e'of the delta tracts, dry 'tracts, homogeneous garden areas, 
a lc. It will lm too much to expect of the District Officers, by themselves 
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in tlie midst of their multifarious activities now, to work out with 
precision the potentialities and targets for the Firkas under their juris- 
aictjon. A separate agency is therefore necessary, to take up a thorough 
investigation in this connexion. The aid of the District Officers will 
ox couise tie 1 sought by this agency. 

The Agency . — The creation of an agency or section for agricultural 
rehabilitation work under the guidance of the Director of Agriculture 
is rec ommen ded. This will be for the whole of the Province. Our 
agency may be similar to the rural rehabilitation division started in 
the United States of America in 1934, which has achieved remarkable 
results by the year 1940. # There are, it seems 75,000 workers in United 
States of Am erica. • ‘^Studying every aspect of the Farmers’ life and 
putting schemes into execution It seems the authorities have defined 
the duties as follows : "To build an economic democracy that will 
match out political democracy, our people must have facts. Few 
agencies have been as persistent in digging out facts as the Department 
of Agriculture. The Department has had to pay more' and more 
attention to economic and social problems as we'll. It, has been building 
np a notable body of knowledge in the fields.” Our Department has 
not been collecting very much data till now on the rehabilitation side, 
overburdened as we are with the Trading Schemes and ether adminis- 
trative activities. The great need, therefore, is to collect comprehensive, 
but intensive data for each firka indicating the potentialities and target 
figures for maximising production and have these .data kept at. the 
Central Institution at Madras. The information thus obtained will be 
available for reference by the Government through the Director of the 
Rehabilitation Department. As a five-year plan of work, on the basis 
of tlie data it may be possible to take up intensive work in selected 
localities to start with and go on extending if from year to year. 

The Survey . — The first essential is, therefore, to take up inveeti- 
galitn of each firka and assess the potential (possibilities) and the 
targit figures. Such a detailed economic investigation can he taken 
tip by a Sen ; or Experienced Officer of the department with the help 

of experienced demonstrators placed under him for this work. About 

a dezen demonstrators may be guided to start, the survey in selected 
firka , j in typical regions on definite lines, chalked out by the SenioT 
Officer. Such investigation may indude other aspects than maximum 
production targets, such as, scope for raising of new fodders, or intro- 
duction of new crops, consolidation of holding, co-operative farming, 
dairy fanning side-lines of farming, etc. 

The survey of selected areas may be expected to be completed in 
tlie first rear and survey of the other areas on the same lines will W 
continued : n the next year. "When the whole survey has been completed 
in the conrorehensive manner aimed at, consolidation of this djata may 

be done at the central place or places fixed for the purpose. 

For the general survey of the Province, it may be possible for the 
Demonstrators working in the various taluks themselves to take it up 
sir or- H mnv reasonably be expected that bv that time, owing to de- 
control by the Government, they may be relieved of the heavy duties 

~ s t!roni " The Iedion Bnral Problem. ” SirB-Naftamti and .T..T, An jrtrin r 
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they are now performing in connexion with the ‘ State Trading 
Schemes. ’ The Officers who took up the typical survey of selected 
areas will give the necessary training to the demonstrators to take up 
the work and guide them during the course of the’ genei’al survey of 
all the areas in the Presidency. ■ 

Thus the economic investigation on these lines will then form part 
of the duties of the Agricultural Demonstrators. The Demonstrators 
should be able to finish the survey at the end of the second year 

The" comprehensive data thus obtained as a result of the economic 
survey will give a clear picture of the firka not only in its potentiali- 
ties for maximum production of food crops, but also the scope for 
development of the area on varied lines for rural prosperity. From 
this point of view, a survey as outlined above seems to be of great 
importance at this juncture, befo/e any large-scale attempt is made 
for the drive for ‘ Grow More Food * with a view to ultimate self- 
sufficiency. 

It is recommended that this intensive survey may 'also be extended 
to cover the objectives mentioned in item 4 of the Agenda as the aim 
in both ore the same, viz., increase in the yield of crops. 

a. V. DOKAISWAMI AY YAH. 

Lecturer m Agricultural Economics, 
Agricultural College, Tiapatla. 


Agricultural Department, Madras, 
G ih Jannaru 1MH 

For official use only 


SUBJECT r>. 

Marmising Food Production 

The estimated average annual production of rice in Ihe Madras 
Presidency is nearly 5 million tons. The estimated annual requirements 
of the Province is about 7 million tons, leaving a. deficit of nearly 2 
million tons. So far as the other cereals are concerned, the produc- 
tion is nearly 3 million tons and most of it is consumed in the centres 
of production. These cereals are cultivated mostly under rein-fed 
conditions and as such the area and production ore determined by 
seasonal conditions and no definite targets can he aimed at lor these 
cereals. The only cereal for Which targets can he fixed is rice and the 
following proposals are submitted 1o make up the deficit of 2 million 
tons in the course of ten years. 

Short-range policy . — The lands are at present at a low leiel of 
fertility due to indifferent cultivation and inadequate manuring. 
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Facilities, for .better methods of cultivation -within the reach of -the' 
ryots should be provided, as indicated below : — 

• <t) Supply of improved agricultural implements fl t a price 
•which will be vs i thin the reach of the ordinary ryots. 
Tractors and olher mechanized implements should* be made 
available at a low rate of hire for reclamation of new 
areas. 


(2) The use of green manure seeds oil cakes, etc*., .'should be 
made more popular and tbeir supply arranged to ryots 
Ihrough departmental depots. Bulky, organic mauurcs 
should be conserved and utilized for manuring crops. 
Large-scale planting of green leaf yielding plants .and 
trees must be encouraged in s-uitable waste lands. Increase 
in the production of oil cakes in tire Province by e.q lend- 
ing the oil-m’U industry and by tlic utilization* of holy’s 
in rural areas afW calcination are other measures to be 
undertaken. 

(3? In'WxtM're faeciefaf . — The seibsme of subsidized well sinking 
should be extended for another period nl’ five years. Ex- 
tension of the electricity for lifting water in rural areas 
should bo taken up. 

M) Improved _ and disease-resistant strains of paddy should bd 
multiplied under seed-farm conditions and supplied to 
ryots. 

(5) Prevention of pests and diseases i m cereals will contribute 
for keeping up their production level. 

Long-range policy .— (ll Extension of cultivation in uncultivated 
lands. The aiea of uncultivated land is estimated to be about 8 lakhs 
of acres About 4 laklis of acres can be brought under cultivation 
within the next five years and the rest in the course of the .next fivp 
years . ■ 1 


(2) Irrigation projects . — Tlic proposed irrigation projects in hand, 
when completed, are expected to bring enough lands under cultivation 
to produce a million tons of rice in thp cout% e of ten years. 

(3) Restoration of tanks, construction of minor irrigation works, 
etc., will help to inciease the production. 


;4) There is a serious shortage of cheiuieal immures. Production 
in large quantities of Ammonium Sulphate. Superphosphate, boriemeal, 
etc., by tlic establishment of power factories must he arranged as a 
long-range policy. 


(5) Fish-curing yards should he started to increase the output of 
fish manure. 

f* 

To ensure successful production, if would be necessary to guarantee 
minimum urices and assured makets for agricultural produce. Another 
factor which would also influence production is the legislation ensur- 
ing security of tenure to tenants, as also compensation for improvements 
effected. Loans at. cheap rates of interest either through co-operative 
soeieripq or otherwise should he arranged to ryots on an extensive 
scale. 
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Tlie estimated targets for the short term (5 years) and the Jong 
term (10 years) have been worked out' roughly in the accompanying 
statement. 

Statement ! showing estimated taujds fo* the short term (J years) and long-term {10 years) 

Turgots of increased production (in tons) 

Short range 


Particulars r- 



Aw 


> 


1(148-40 

1040-50 

1050-51 

1051-52 

1(152-63 

(1) 

(2) 

(3) 

(4) 

(5) 


1. Agricultural implements and 






tractors 

10,000 

15,000 

175,000 

200,000 

250,030 

2 Propor manuring 

10,000 

15,000 

175,000 

200,000 

250.009 

3 Irrigation 

10,000 

15,000 

175,000 

200,000 

250,000 

4 Improved seeds 

10,000 

16,000 

175.000 

200,000 

250,000 

fl Prevention or pests and diteases . . 

50,000 

76,000 

80,000 

100,000 

126,000 

Long range 






1 Extension of cultivation 

. . 

. . 

. . 

. . 

■ • 

2 Irrigation projects 

• • 

• • 

• • 

- . 

• • 

3 Restoration of tanks, otc. . . 

• • 

* • 

• * 

• . 

• • 

4 Establishment of fnotorius and 5 






Fish-curing yards 


• • 

• • 

• • 

* • 

Total 

00,000 

135,000 

780,000 

000,000 

1,125,000 



Long range 






. T J^ 



1 artioumrs r 





\ 


1953-34 

1054-55 

1055-50 

1950-57 

.1957-58 


(7) 

(0) 

(8) 

(10) 

(11) 

1 Agricultural implement sand tractors 

250,000 

250,000 

250,000 

200,000 

250,000 

2 Proper manuring 

250,000 

250,000 

250,000 

260,000 

250,009 

3 Irrigation 

260,000 

250,000 

250.000 

250,000 

250,000 

4 Improved seeds . , 

250,000 

2f 0,000 

250,000 

260,000 

260,000 

fl Prevention of pests ami discus js . . 

125,000 

115,000 

125,000 

126,000 

125,000 

Long range 






1 Extension of cultivation 

10,001) 

20,000 

40,000 

100,000 

200,000 

2 Irrigation projects 

100,000 

200,000 

500,000 

600,000 

100,000 

3 Restoration of tanks, e tc. 

10,000 

20,000 

40,000 

00,000 

100,000- 

4 Establishment of factories and fl 






Fish-ourlng yards 

10,000 

20,000 

40,000 

00,000 

100,000 

Total 

1,255,000 

1,385,000 

1,745,000 

1,045,000 

2,525,000 


U. N. K. SUNDRAM, 

\ 

Senior Lecturer in Agriculture and Superintendent, 
Central Farm , Agricultural College, Coimbatore. 


Annicw/ruKAij Department, Madras, 

6th January, 1948. 
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A NOTE ON SUBJECT 5. 


Before any plans can be discussed for increasing the production 
of food, particulaly cereals, in India, the first thing to be done is to 
consider why present production is at such a low ebb in this country. 
The following tabic taken from " The Indian Rural Problem fl by Sir 
Manilnl Nanavati, President of the Indian Societj’- of Agricultural 
Economics, shows clearly how very low crop yields in India are relative 
to out-turns ui other countries. 




Wheat 

Bice 

.‘Maize 

Sugarcane 

Cotton 

Tobacco 

Egypt 


1,918 

(lbs. por 

2,998 

acre) 

1,891 

70,302 

535 

• • 

Germany . . 

• 

2,017 

•• 

2,028 



' 2,127 

Italy 

• 

1,383 

4,668 

2,070 

•• 


1,139 

Japan .. 


1,713 

3,444 

1,3D2 

47,634 

196 

1,666 

U. S. A. .. 

- 

812 

2,186 

1,679 

43,270 

268 

882 

Java 

* 

- 

• • 

k . 

1,13,670 

• • 

• • 

China . . 


989 

2,433 

1,284 

• • 

204 

1,288 

India 


660 

1,240 

803 

34,044 

89 

987 


Sir Maniala then discusses the various causes for this state of affairs 
and these are enumerated below : — 

(a) Deterioration of soil. 

(h ) Inadequate water supply. 

(c) Defective cropping systems. 

(d) Lack of good seed. 

(e) Poor livestock and equipment. 

ff) Subdivision and fragmentation of holdings. 

(g) Agricultural finance. 

fix) Agricultui'al marketing and transport. 

(i) Land tenure and tenancy system. 

I would add two other causes 

(i) The low level of the national income, and 
fr) Wastage of fertilizing material. 

2. Having now tabulated the causes which have led to under* 
orodnerion in India, the nest step is to consider the ro.iricdie,-} for 
imjirovemont. and the following sub-division of long-range and short- 
range measures is suggested : — 
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Lovy-rorigc . — 

(a) Increase of induslJ iaJisntion. 

(b) Increase of irrigation facilities. 

W Improvement of agricultural finance and marketing. 

(d; llei'oim of the land tenure sj stem. 

(e) Consolidation of holdings. 

Short-range . — 

(*U Encouragement in the composting of all manner of organic 
waste, 

(b; The supply of fertilizers and cake. 

(c, 1 The supply of good seed. 

(d) Provision of good implements. 

te; Improvement of village herds. 

(f) Discouragement of ceitain forms of cropping colfou-juar 

for instance. 

fg) The adoption of s’mple and soil conservation methods. 

3. The long-range measures indicated a-e outside the immediate 
purview of the department of agriculture ; they are matters for the 
Central and Provincial Governments to deal with and all are already 
receiving attention, except perhaps the consolidation of holdings. 

4. As regards short term measures, I have purposely placed com- 
posting ill the head of the list. Prom the statement given m para 
1, it will he seen that the yields of crops in China aie any thing from 5L 
to 100 percent higher than they are in India, although the cornli 1 ions 
in both countries are veiy similar. Small as the average holding is in 
India, people in China are able to live on little more than half the 
cultivated anea per head tha f is available in this country, and there, is no 
doubt thal this state of affairs is very largely accounted for b\ the 
meticulous attention which the Chinese give to preserving aU manner 
of waste and returning it to the good earth. The work thal the 
Government of India have inaugurated in this direction is mos* 
commendable, but it has to be intensified a hundred fold if it is really 
to bear fruit. The soil itself is being undernourished and until it is 
restored in condition, the use of better seeds, fertilizers and ibette"* 
implements ©re mere, palliatives. That this is no mere pessimistic 
utterance is borne out by the' following figures which have also been 
abstracted from “ The Indian Rural Problem/’ 



I 

Rico 


1 

iVheot 

Si 

1 

jgarcano 

3 

Bihar 

G.P. 

Bom- 

bay 

BOa£«*2 

C.P. 


Delhi 

U.P. 





(lbs. per aoro) 





1931-32 .. 

901 

912 

718 

430 

626 

429 

0,071 ] 

3,136 

1,493 

1640-41 . . 

652 

519 

419 

385 

451 

397 

5,782 

2,531 

1,060 

Doorcase . . 

309 

393 

299 

45 

74 

32 

289 

604, 

397 


L1G ICAR 
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These figures prove conclusively that there is something basi- 
cally and fundamentally wrong in Indian agriculture, and I venture 
to suggest- that what is wrong is the neglect on the part of the culti- 
vator to restore to the soil the waste products of agriculture and nature 
generally. To rectify this state of affairs, the Government of Indi^ 
should be asked to intensify the drive it lias already started in con- 
nection with the composting of municipal and village wastes and tl at 
in the provinces and States the direction of this drive should rest with 
the Minister in charge of the port-folio of Public Health and|or Agri- 
culture, and not be passed on to a departmental head. 

y. 1 now quote an extract from F.A.O. Commodity Series No. 1 : — 
“ In India there has been a gradual expansion in tlie acreage 
under wheat during the past forty years, but a decline in • 
yields per acre and, consequently, onlj r a very slight in- 
crease in output. Apart from certain limited areas, 
there have been no marked improvements in farm prac- 
tices or in the use of quality seed, animal manure and 
artificial fertilizer. In Japan, on the other hand, wheat 
production has been deliberately fostered and the records 
show a rapid increase in both acreage and yields per acre. 
The output, although twice as high as at the beginning 
of the century, has not yet reached 1.4 million metric 
tons (50 million bushels) and remains snfall compared 
with the production of India and the very large produc- 
tion in China. The Japanese practice intensive cultivation 
and, as with other crops, obtain yields per acre much 
higher than those obtained in China or India and much 
more comparable with those of Europe 

As a second recommendation, therefore, I would suggest that an 
officer he sent to Japan to study and report on the different, measures, 
legislative, educational and technical by which these astonishing results 
have been achieved. 

C. A. MACLEAN, 
Commissioner of Agricvlture. 


SUBJECT NO. 5. 

(Note by Mr. D. R. Sethi) 

The Problem of agricultural production was discussed by the 
Indian Council of Agricultural Research fairly comprehensively some- 
time ago and the results of these deliberations were embodied in the 
Indian Council of Agricultural Research Memorandum on * Agriculture 
and Animal Husbandry Production in India \ In that Memorandum 
food deficiencies have been pointed out and targets for production ofi 
various items to ensure a balanced nutritive diet of the people of this 
country, have been laid down. 

2., How production is to he stepped up has been indicated in 
general terms hut certain vital aspects of agricultural • production have 
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not been dealt with. It is, therefore, suggested that the Crops and 
Soils Wiug of the Board of Agriculture should consider the following 
points - : 

3. It is obvious that if the targets indicated in the Indian Council 
of Agricultural Research Memorandum are to be ever achieved crop 

, planning must be undertaken. The difficulties that have to be faced 
in such crop planning should be appreciated. The conflicting claims of 
cash 'Tops versus food crops. have to be assessed and the planning has 
to be done irrespective of provincial boundaries or parochial desires. 

4. Even if it is possible to prepare a crop plan for the whole of the 
country it will then have to be broken down right to the single village 
Unit to’ iudividual grower’s holding. The enforcement of such a plan 
officers administrative difficulties. Is it practicable under the present 
agricultural economy to carry out any crop plan on the existing un- 
economic holding of the villager ? If not, how is such a plan to be 
worked ? It is difficult to visualize that every single cultivator in the 
7 lakh villages in this country would immediately fall in line with any 
crop plan that may be produced. This boiug so, would it not be neces- 
sary for the Governments in this country, assuming that they accept 
the plan, to enforce such a plan by legislation. If such enforcement is 
to be effective, would the administrative machinery required be within 
the means of this country. These are vital problems with uhioh 
the production of a crop plan has no meaning at all. 

5. It is time the Board of Agriculture faced realities and indicated 
whether the targets laid down in the Indian Council of Agricultural 
Research Memorandum are at all practicable of achievement on ihe basis 
of the existing agricultural economy of small holdings.. I maintain 
that tlie problem is beyond the realm of practical politics unless tbo 
whole iand tenure system, of Ibis country undergoes a radical change. 
The production targets can only be achieved if the' village itself can be 
treated as the unit of production instead of the individual cultivator 
iu every village. This naturally implies some type of nationalization 
of land and joint or co-operative farming by the villagers. 

6. Under the orders of the Government of India the undersigned 
has prepared a short-term cereals production plan to cover the next 5 
years. A copy of this plan is attached. The production aimed at is 3 
million annual tons in the Provinces on a permanent basis from the 
5th year onwards. During the period of 5 years production is to be 
stepped up gradually to reach tbc figure indicated above. First year’s 
experience has indicated that due to extreme shortages of supplies re- 
quited for the execution of even this modest plan the goal aimed at is 
not likely to he achieved. Tbc Board might discuss, taking into con- 
sideration the availability of supplies within the country, as to wlmt 
is the target that can be achieved and how ibis could be. donp. T may 
incidentally mention that the target of 3 million tons has been broken 
down Province-wise and the Provinces has individually accepted their 
own targets. 
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APPENDIX I. 

Technical Note on the ways and means of increas'ng the production 
in i'oodgrain in all the Provinces by 3.0 million annual tons within 
5 years. 

I have been asked to present as briefly as possible a picture of the 
efforts needed to produce 2.5 million Ions of foodgrains amiually from 
1931-52. In the following pages I liave attempted to do this as ( also 
a rough estimate of the costs involved. In the ultimate it means that 
a village is to be organised to produce an additional 4 tons annually 
from the 5th j r ear onwards. 

Given the full co-operation of the Provinces and assuming that 
goods and services for the execution of this plan are made available, 
the production goal can in my view be achieved through the adoption 
of the following measures : — ’ 

I. GJd.F. “Works — 

It is assumed that the Governments in India will provide, where 
necessary, such material and machinery as cannot be obtained easily. 

A(i) By constructing 300,000 new surface percolation wells, each 
well to inigate on an average 6 acres or a total of 1.8 million acres. 
Every 5 |acrcs thus irrigated will produce at least 1 ton of additional 
ioodgrain. The overall production from this measure^ will be 300,000 
tons per annum. The average cost of one such well including a suit- 
able water-lifting appliance is estimated at Rs, 1,200. Cultivators can- 
not afford this cost. They can be expecled to spend, upto Be. 600 .per 
well, no more. The other Es. 600 will have to be given as a subsidy. 
.Total cost for this measure will therefore be Rs. 18 crores in 5 years. 

(ii) By improving 300,000 existing wells — theris are about 3.4 
million wells in the country and at least 257o need improving. The 
improvements will comprise re-excavation, deepening, borings, installing 
fcjfher open and or small diameter strainer tube and other such measures 
so as to ensure an average yield of .2500 to 3000 gallons pet hour. The 
improved well will irrigate on an average ad additional 2 acres and the 
total area thus commanded will amount to 600,000 acres. Every. 5 
ceres thus irrigated will 'produce an additional one ton of foodgrains - 
and the total additional yield will thus be 120,000 tons per annum, 
cl is estimated that the cost per well be Rs. 400 on an average. Culti- 
vator will be expected to bear half of the cost, the other half being 
?iveu as a subsidy. Total cost on account of this measure would thus 
w Hs. 2.25 crorcs. 

B(i) Minor private Irrigation Works, — These may be defined as 
all new constructions and improvements of such works in existence, 
other than surface percolation wells and tube-wells, undertaken either 
by individual cultivators or by co-operative societies or village com- 
mittees. generally speaking such works will comprise tanks, bhandaras, 
minor inundation channels, small seasonal streams etc. Such works 
will be encouraged wherever practicable throughout the country and in 
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the Sill year arc calculated to irrigate an additional 300,000 acres. Bis 
acres commanded by sucli works will yield an additional ton of food/ 
The total additional foodgrains from this measure would) be 50,000 
tons per annum. The cost of such works is estimated at Rs. 150 per 
acre of commanded area. The cultivator is expected to bear half of 
this cost, the other half being given to inu as a subsidy. Total cost 
on account of this measure would thus be Its. 2.25 crores. 

> (ii) 'Minor Public Irrigation Works. — These may be defined as all 
now construction and extension of add improvements to all such exis- 
ting constructions as will produce additional food by the end of ilia 
year 1951-52, They shall not include surface percolation, wells, tube- 
wells, river and stream pumping installation multipurpose piojccls and 
any other irrigation projects which are not expected to produce more 
food by the end of the year 1951-52. Usually such works will consist 
of large storage tanks, reservoirs, bhandnijas, extension and improve- 
ment of canal distributaries etc. It is not an impossible task to under- 
take such public minor irrigation proj,eots which in the course of 5 years 
will irrigate 500,000 acr.cs of imirrigated land. It is probable that there 
will be 10,009 such units each capable of irrigating on an average about 
50 acres. This land will yield nil additional one ton of footlgrain for 
every 5 acres and the total additional yield from the fifth year onward 
will be 100,000 tons annually. The cost of this measure will vmy ac- 
cording to the natuz-e of each work but it is safe to estimate that on the 
acre basis it will be of the order of Rs. 200. Capitalised value of the 
net revenue return may be estimated at R«. 50 per acre and net eost 
would therefore be Bs. 150 per acre or Rs. 7.5 crores for .the project. 

CO) Private Land improvement Works — These may be defined ns 
all works other than irrigation works undertaken by individual cultH 
vator, co-operat ive societies or village committees. Ordinarily these 
will include reclamation of waste lands, improvement of marginal lands, 
drainage of cul tumble areas, conservation of soil and water, etc.. There 
is a fairly large scope in this field of woik if the active co-operatiou of 
the cultivator is secured through vi’lage committees pancliayats or co- 
operative societies and it should not be difficult to bring into better 
production at least, 500,000 acres in the fifth year. Ten acres improved 
under this project will yield a ton of additional food/rram and the yield 
in the fifth year will bo 50,000 tons per annum. Here again the cost 
would vary with each type of work but on an average will be abont 
Bs. 100 for every acre improved and this will require n subsidy .of Rs. 
50 per acre. The total cost would therefore be Bs. 2.5 crores. 

(ii) Public Land Improvement Works. — These will include all 
land drainage, land reclamation Kind land development projects which 
are undertaken' as Public Works and which will go into production 
in 1951-52 at the latest. These will include control of deeprooted 
weeds, reelamalion of cullurable wastes, contour bunding and other soil 
conservation measures, drainage projects etc. The field here is large 
and if the works are carried out with the aid of mechanical appliances, 
it would be practicable to handle 2 million acres during the five years 
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period. An additional ton of food will be forthcoming from every 10 
acres so improved and the total additional yield from this measure 
Would amount to 200,000 tons in the fifth year. The cost would vary 
with the type of work and may be taken to average’ Rs. 100 per acre. 
Cultivators who benefit from the scheme would be expected to share 
a part of the cost which should not exceed 25%. The net cost would 
then be Rs. 75 per acre or, Rs. 15 crores. 

D(i) Private River Pumping Installations. — -Millions of gallons of 
water annually run down the river, streams antd nallas to was^e and 
yet it is not an uncommon sight to see that hundreds of thousands of 
acres of crops along the banlis Of drainage channels suffer for want of 
water if the rains are not in time. It is not a difficult undertaking to 
pump up wateij from these sources and supply badly needed irrigation 
for a belter hjnrvest. All that is needed is a suitable type of pumping 
outfit that can be owned and operated by an individual cultivator, by 
a co-operative society or by a village committee. The difficulty lies in 
the fa,ct that private owners of the types stated cannot afford the whole 
cost of such sets. If these pumping sets are supplied on a subsidised 
basis thousands of them can co into operation within a short period 
and will produce additional food. To irrigate 500,000 acres by this 
means during a period of 5 years is not an impossible proposition. A 
suitable pumping set with a discharge capacity of 10-15 thnisend 
gallons per hour would irrigate 100 acres. On this basis 5,000 sets 
will be needed during the 5 years and their use would result in at least 
300,000 tons of additional food per annum. The cost of each installa- 
tion is estimated at. Rs. 100.000 each bnt. half of iliis would be borne 
by the owner or own.ers. The net eost to the scheme' would be Rs. 2. .5 
erores. 

(ii) Public River pumping installations.— What has been said in 
the foregoing paragraph applies with greater fo"cc to public installa- 
tions for pumping irrigation wafer from the same sources. In this 
case the wimping installation's will liave to be of much larger capacity 
— probably 3 to 5 ounces each— which will be operated either by power 
Hupplied from jpublic supply systems or by self-contained power sources. 
It is not impracticable 1 to inaugurate schemes which in the 5th yeaii 
will irrigate 1.5 million acres. An extra ton of foorlernin from every 
5 .acres thus irrigated would certainly be secured resulting in the 5th 
year in a net addition of 300,000 tons. 

Assuming that a standard 5 cusec pumping unit js used, it would 
require some 3000 such sets on the assumption that each set would work 
16 hours a day during the irrigation season. A rough estimate of the 
cost of a self contained unit with an oil engine may he taken to be 
Rjs. 20,000. The tot'pl gross expenditure involved will Ifc approxi- 
mately Rs. 6 erores- On the assumption that the net revenue return 
will he offset by the working expenses the net cost may be estimated 
at Rs. 6 erores. This scheme would be particularly useful in the cast 
T T .P. South Bihar and Chota Nagpur, North and "West Bengal, 
Orissa, parts of the C. P., Bombay and parts of the N.W.F.P. 
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The .Grow, More Food, Works enumerated above are therefore cap- 
able of achieving the following results at the total cost stated against 
each. 


. 

Acieago 


Cost 


Millions 

Tons 

Crorca 

Its. 

1. Surfaco Percolation Wells . . . . . . j 

2-4 

480,000 

24 

2. Minor Irrigation works botli public and private 

0-8 

160,000 

9-76 

3. Land Improvement Works both public and privnto 

2-6 

250,000 

17-6 

4. Private and Public River Pumping insinuations . . 

20 

400,000 

8-60 

Tolal 

7‘7 

\ l,2s>0,000 

BaJ’ ] 

60-76 

Rs. CO crcrcs. 


II Grow More Food Supplies. — 

A. Manures and fertilisers. — To step up food production appre- 
ciably in the- country there must be enough water to irrigate the crops 
and there must be sufficient quantities of manure to adequately ferti- 
lise the irrigated crops on which alone the greatest response to manuring 
can be secured. The question of water supplies has to a small extent 
been dealt with under the Grow More Food Works. In this Section 
the question of supplying adequate quantities of manures and fertili- 
sers and distribution of improved seeds is provided for. 

For the purpose of Grow More Food intensification work, we need 
to confine ourselves to only the two major cereal crops, namely, rice 
and wheat. A normal rice crop removes annually from the soils on 
which it grows 30 lbs. of nitrogen and 20 lbs. of phosphoric acid per 
acre while irrigated wheat similarly removes 35 to 60 lbs. of nitrogen 
and about 30 lbs. of phosphoric acid. Tt is now a well-known and 
established fact that, the fertility of Indian soils has been established 
for centuries past at the lowest level of production and unless we are 
in a position to replace at least that plant food which is removed by 
tlie crops annually, we cannot hope to get any increased yield what- 
soever It is on this basis that the following plan has been proposed. 
Experimental data has established that if in the case of rice 30 lbs. 
of nitrogen and 20 lbs. of phosphoric acid arc applied, an increased 
yield of 4 mounds of paddy can be obtained, while m the ease of wheat 
if 30 lbs. of nitrogen is applied, an extra yield of 2 maiinds per .acre 
does result (in the soils in wheat areas there is no deficiency of PoO B 
which exists in rice soils), 

Afi) Rice. — There are 20.7 million acres under irrigated rice in 
British. Tndia. It is proposed that n programme should be inaugurat- 
ed which will gradually lead upto the manuring of 1|4 of this area 





amounting to 5 million acres in the fifth year. Manured on the basis 
stated above, this acreage will give an increased yield amounting to 
800,000 ions of paddy or 500,000 tons of rice in the' 5th year. For. 
purposes of supplying the 30 lbs. of nitrogen and 20 lbs. of phosphoric 
acid per acre, the following mixture is considered suitable. 

(i) 125 lbs. of ammonium nulplmto . . . . Z~> 11*. of nitrogen. 

(»«) 100 lbs. of oilcnho .. .. .. ft lbs. of nitrogon. 

(iff)* 00 lbs. dinglo siipor and Bonomcal .. 10 lbs. P„ O., 

Tiie total quantities for 5 million acres of these fertilizers and manures 
in the 5th year will, therefore, be 


t' ns 

(i) Ammonium sulphate .. .. .. .. .. .. 2 O.OdO 

{«»') Oilaikas ., .. .. .. .. .. .. 223.000 

(m) Singlo Kupcrpliosplmto and B n ««*al . . . . , . . . 1 10,000 

It is of course impossible to bring under this programme of manur- 
ing the full acreage in the very first year of the five years programme. 
Endeavour has been made to increase the .acreage gradually from 2.5 
million acres in the first year to 5 million acres in the 3th year. The 
table below gives the manuring programme, the acreage to he covered, 
tlic estimated additional yield, the cost of the manures in each year 
and the subsidy that will have to he paid to pet these manures to go 
into action. From Ibis table it will he seen that the aggregate total net 
erst to li e Slate duiirg the fi years will amount lo 11s. 1 8.9.-} .70,000 
and in ru'urn for this expenditure the country will secure a total addi- 
tional yield over 5 years amounting to 2.135,000 tons. Tn the 5th } ear 
the additional yield from 5 million acres will be 500,000 tons. 


Man a rial Programme — liicc. 


Y-r 

Mnnnrrn and 
fertiliser* 

! Quantity 

Acreage and yield of Bice 

r«t of 
Manures 

S lhi,dy 'ni 
33J% of 

Cult 



Toni 


IU. 

In. 

1017-48 

Am. SutpUata. . 

Oil Cakra 

110,000 

112,000 

2-S million arfr .1 and 
2,00,000 tom additional 
rie*. 

4.20.00. 00, 

1.12.00. 000 

1 


Snpcr and Bone- 
m-aL 

60,000 


l.no.oo,ono 

i 





Total , . 

0.32,00, 0O> 

2,11,00,000 

1018-10 

Am. Sulphate.. 

Oil Cakes 

187.000 

140.000 

3*33 million aerri iitid 
324.000 tom Additional 

0 , 01 , 00,000 

1 , 40 . 00.000 



Soper and Bone- 
meal. 

67,000 


1,34,80,000 





Total 

W4.SO.tXKl 

2.81.60,000 


*It is probable that only half the area will need V% O s , 
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'Quantity 


■ 

Subsidy @ 

Year 

Manures and 

Aeieago and yield of Bice 


334 % of 


‘fertilisers 

■Si 

cost 

1010 50 

Am, Sulpliato. . 

240,000 

1,445 million acres and 
432,000 tons additional 

7,47,00,000 



Oil Cakes 

100,000 
\ | 

rico. 

1,00,00,000 



Super and Bono 

80,00(1 


1,78,00,000 



meal. 







Total . . 

■ 11,24,00,000 

3,74.70,000 

1950-51 

Am. Sulphate . . 

?,80,00(1 

1 5*0 million ncics and 

8,10,00,000 


. 



5,00,000 tons midi. 


► 

Oil Cakes 

2,23,000 

tional me. 

2,23,00,000 



Supcr'nnd Bone* 
roeaL 

1,10,000 


2,20,00.000 



’ 


Total . . 

I2.83.tlO.000 

| 4,27,70,000 

1051.52 

Am. Sulphate. . 

2,80,000 

fi million aeres ami 

8,40,00,000 



* 

| f>(XUWX) *n»s nrirfitionn) 



Oil Ca'kcs 

2,23,000 

I net*. 

2,23,00,000 



Super ‘and (Bone* 

1,10,000 


2,20,00,000 



meal. 

\ 





1 


Totnl . . 

12,83,00,000 

1 4.27,70,000 


Total additional 

« « 

2,006.000 tons. 




rico. 






Total lor 5 yearn 

! 


31. '07,00,000 

17,22,70,(00 


Add lfj% storage 

* • 


5,16,00,000 

1,72.00,000 


and detail dis- 
tribution. 

! 

1 

1 






GtUKD Tomj. . . 

60,83,00,000 

18.04,70,000 


A. (ii) Total irrigated area under wheat in British India is' 12 
million .acres. During the first five years it is proposed. to manure 1|4 
of this area amounting to three million acres. On the basis of HO lbs. 
•of nitrogen <per acre giving an additional yield of 2 maunds per acre 
this area will give an additional yield of 230,000 tons foodgrains. 

The 30 lbs. of nitrogen to he applied per acre on 3 million acres 
will be made up of the following mixture in order to apply a 'balanced 
manure enabling the maximum use being made 'of the chemical 
fertilize]'. 

■(f) Ammonium sulphate 12C lbs, per acre . . . . . . 25 lbs, nitrogen. 

'■(if) Oilcakes 100 lbs. per oero .. .. .. .. fi llis. nitrogen. 


Total . . 30 lbs. nitrogon por acre. 


In this ea.'-e it will not the possible to bring in the whole of the 3 
million acres uuder the manures in the first year. The programme 
envisages a start with 880,000 acres in the first year gradually rising 
up'to 3 million acres in 'the fitli year. The table on next page gives in detail 
the quantifies oT manures and fertilizers required during each of the 
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five years beginning from 1947-48, tile acreage proposed to be covered 
in each of the years and the estimated additional yield thpt is expected 
to accrue .as also the total coal of these operations. From this table 
it will be seen that the overall protection during the 5 years is esti- 
mated at 774,000 tons at a net cost to "the State of Rs. 7,93,94,000. 


Mamo i'll Programme — Wheat. 


Y«ar 

Manures 
and fertili- 
zers. 

Quantity 

Acreage and yield 

Cost 

Subsidy (S) 

33} % of 
cost 

r 



Tons 


Rs. 

Rs. 

1947-48 

Am. Snlplmto. . 

40,600 

886,000 Acres. 

1,48,80,000 



Oil Cake 

30,684 

65,200 Tona. ’ 

39,08,400 



» 


Total . . 

1,88,48,400 

62,82,800 

1948 49 

Am Sulphate 

74,400 

1,333,000 Acres 

2,23,20,000 



Oil Cake 

50,500 

08,900 Tons. 

59.50,000 





Total . . 

2,82,70,000 

04,23,400 

1949-50 

Am. Sulphate 

111, GOO 

2,000,000 Acres. 

3,34,80,000 



Oil Cake 

80,300 

150,000 Tons. 

89,30,000 

■ 




Totnl , , 

4.24,10,000 

1,41,40,000 

1950-51- 

[ Am. Sulphate 

167.000 

: 3,00,000 Acres. 

6,01,00,000 

• 


Oil Cake 

134,000 

230, 000 Tons 

1,34,00,000 





Total . , 

0,3100.000 

2,11,70,000 

1951-52 

• 

Am. Sulphate 

167,000 

3,00,000 Acres. 

5,01,00,000 



Oil Cake 

134,000 

230,000 Tons. 

1,34,00,000 





Totnl . . 

0.35,00,000 

2,11,70,000 


Totnl additional 
grain. 


774,100 Tons. 

N. 



Total Cost 



21,65,28,000 

7,21,76,000 

1 

AM 10% on 
storage and dis- 
tribution. 

1 


2,10,52,800 

72,17,000 




Total . . 

23.81,80,800 

7,93,93,000 


On the basi« of the cultivator’s price for wheat and rice being 
Rs. 200 per ton of these grains, the application of manures on the 
present price of manures and fertilizers is a wholly uneconomic pro- 
position. Normally no cultivator would apply these ; and this is the 
reason why manures have not been used in the past, unless he. gets at 
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least 33% return on the expenditure he incurs m manuring his crops. 
In order, that the manures go' mtp action and the additional 2,790,000 
tons of food grams are secured, it is vital that the cultivator bo given, 
a subsidy at the rate of at least 33% of the gross cost of manure 
to him. Oh this basis tile subsidy would amount to Rs. 26,88,64,000. 
And tliisr basis of subsidy will have to be continued to be given year 
after year , until the price relation between the cost' of ' manure and the 
cultivator's priee' fo'r the grain is of ‘the order of Us. 150:200 (cost 
of manures Rs. 150 per fon=cultivator’s foodgrains price Rs. 200). 

• « 

The sources of supplies of manures proposed in this scheme need 
to.be explained. 

; Wc- will require 447,000 tons of sulphate of ammonia per annum 
from the 4th year onwards/ The Government Sulphate Ammonia 
factory which" is expected to come into production in 1949 will produce 
350.000 tons of manures per annum. The Travancore Factory which 
is coming into operation this year is expected to produce 50,000 tons 
of this fei lilizer annually. The existing indigenous production from 
the iron and steel works and from coal fields is some 20,000 tons a 
year. , From 1949, therefore, we will have 420,000 tons of sulphate 
of ammonia per ' annum leaving some 27,000 tons to be imported. 
During 1947-48 it is proposed to ask for an import quota of 300,000 
tons- which will be raised to 350,000 tons in 1948-49 in order to ensure 
adequate supplies under this programme. 

During 1947-48 we propose to ask for an allocation of 300,000 
tous of sulphate of ammonia. If we get the whole of it we would 
have 37C.000 tons' supplies available in the country which would 
enable us to meet the requirements of the two major cereals and still 
leave substantial quantities in band for other food crops, particularly, 
sugarcane, potatoes and vegetables. 

The estimated production of oilcakes in the country is 1,800,000 
tons. Of this quantity 1 million tons are required as cattle feed anti 
800.000 tons are avail, able for manuring of crops. Tn the 5th year of 
this programme 357.000 tons are required for the manuring of these 
two cereals and wc would thus still have 443,000 tons of oilcakes avail- 
able for oilier food crops and especially for sugarcane, potatoes and 
vegetables. 

With regard to superphosphate and bonemeal, the position is as 
foPows : — 

We are producing some 30,000 tons of bonemeal and 10,000 tons 
oi '•ingle ‘ ."nperrliosphato at present. Our needs, however, according 
to this programme are 50.000 tons in the first year rising gradually 'to 
1 1 0 fir*n tons in the 5th year. Tn the past this country has exported 
all its bones abroad and in return lias been getting superphosphate at- 
verv high cost.. Our raw material sources far the manufacture' of. 
supberphop.r>liate, arc believed to die more than ample to meet, our re- 
quirfinients until regard to ilie manuring programme which is now 
being, in oboserl Tt is. therefore, of the utmost importance that, this ■ 
enmlfry should 'encourage the production of superphosphate from bones- 
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as quickly -as< possible and 1 our target, in my view, should be the pro- 
duction Ol>al least 70*80 -thousand tons of this manure in the - year 
1949-50. 

1). Improved seeds — 'One of the major activities of the Depart- 
ments of Agriculture in provinces during the past 35 years has been 
the production and distributions of improved types of seeds of the- 
major. food ciops. It is an established fact that improved foo.dgraift , 
seeds cap, give an iuci eased yield of 10 per cent, all other things being 
equal - . 

The multiplication and distribution of improved' seed has to go 
through a chain of operations before sufficient seeds become available 
to cover any appreciable area. Crop botanists research results in a 
sm alb, amount of new type- -of seed of a .given crop. This. seed is tested- 
for- performance and when, it has established its superiority it needs 
to bo multiplied through four, stages beforie sufficient quantities arc* 
available for distribution! on a large scale to growers. The first stage 
is the- multiplication from mother seed to produce nucleus seed: This 
is done, oiy a. Government experimental farm. The second stage is the 
multiplication- of the nucleus seed) for production of basic pedigree 
feed on,i a, Government seed- farm. The third, stage is the multiplica- 
tion off the basic pedigree seed through selected growers, for convenience 
purposes called' “ A ” growers. These are usually comparatively larger 
growers who have the facilities for multiplying* pedigree seeds on com- 
pact blocks of lands and who ai'e in a position to supply the labour 
required for rogning and looking after the seed crop. The fourth and 
last stage in the multiplication i«* the multiplicalion of the seed grown 
by “ A M growers through a larger number of private " B ” growers 
merely Tot the purpose of getting larger quantities multiplied. Here 
again, it is necessary to have the crop again in as compact areas as 
possible for purposes of rogning to ensure the purity of the seed. 


Tim seed produced by the “ 1 3 ” growers is then ready for distri- 
bution, to the oidjnaiy cufiivator who by Ihe use of this seed can get 
10 per, -cent, more yield from his crop. 

A- great deal of such, multiplication and distribution of improved 
seed-, has already occurred in the case of wheat in the Punjab the largest 
grower of this crop. It is, therefore, proposed not to include wheat 
seed multiplication and distribution in this scheme. 

Although a great deal of work has been done on rice and improved 


types exist in pverv 'ice ^rowing province, much headway with tlm 
mulfiplirali p m-1 distribution of the c e types on a large scale has not, 
been achieved so fm for various reasons chief amongst which is that 
the' chain of mnltip 7 i'“ition required has not been organized- on’ a* large 
enough An iutcns've effort is required to be made now to multi- 

ply and distribute the existing improved types of rice seed in order 


to get a substantial additional productions for this badly 
foodgrain. , - 

'Tffore ai-e s'ime 20; million acres under irrigated rice in 


wanted 
Bril Mu’ 


India. The ajm is to envoi* at least 5 million acres out of this- area 


with improved types in the year 1951-52 to secure an additional yield 
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, 2 ?9' 000 tons,- The chain of multiplication for the seed will ‘/require 
of/ this area- "which will amount to approximately 28 lakh’ luaunds 
of “B” growers seed be as follows:— 

(i) In 1947-48, 30 acres will' lie required to produce ‘450 'maundb 

of nucleus seed from mother seed, ' *• 1 ’ * 

(ii) In 1948-49, the nucleus seed will cover 830 acres on 'Govern- 
,ment seed multiplication farms spread throughout the’ 
rice growing areas in Bihar, Bengal 1 , Orissa, C. P. and 
Madras and- will produce 12,450 maunds of pedigree 
seed; 

(iii) In 1949-50, the pedigree: seed will cover 24,000 acres through 
the “ A ” growers. This acreage will produce 298,800 
maunds of “A” seed. The ‘‘A’, gi'owor usually does 
not part with more than 50 Vo of his harvest and the col- 
lection from him would, therefore, J)e not more than 173,000 
maunds— a quantity which will l«i needed to cover 346.000 
acnes of the “B ” growers in 1950-51* 

, There will’ thus be 346,000 acres under “ B ” growers. This 
acreage will produce 41,52,000 in.amids of “ B ” <-eed from which 25 
iac maunds will be taken for covering 5 million acres of the, cultivator's 
cropped area. In the enso of the nucleus seed and seed produced on 
the Government seed multiplication farms full eo-,1 will have to be borne 
by the Government. In the case of ‘ A ’ and * B ’ growers, a sufficient 
attractive premium will have to he paid in order to ensure the proper 
roguing^ of the ciop, to maintain irs purity and in order also to offer 
a sufficient incentive to both * A ’ and 4 B ’ growers 1o multiply the 
seed on behalf of the distributing Agency. Experience has shown 
that a premium of even rupees two a mound under the conditions pre- 
vailing during- the past few years has not been attractive to get the 
seed multiplied. In order to ensure the co-operation of both the * A ’ 
growers and ‘B” growers, it is proposed to give them rupees four and 
rupees three pei; inautid respectively as premiums, which it is bolievrd 
would he attractive enough to ensure the pi ope r multiplication of the 
seed; . The total net cost during the four years mainly for the multi- 
plication of the seeds amounting to 25 lac maunds would be Ks. 85,00,000/ 
Storage and 'distribution costs, experience lias shown come to nearly 
20 per cent. of. the total gross cost of the seed . The gross cost of the 
seed' lias been estimated on the basis of* Rs. 10 per maund of 'paddy to 
he Rs 2, 80,00.‘000. The storage and distribution costs would, there- 
fore, he 56 lacs, making the total net cost of the seed 1o he incurred 
by Government to amount Rs. 1,41,00,000. This is the amount which 
will haye to be spent to get 288,000 tons of additional paddy. 

6G0 The additional production from supplies,— Use of fertilizers 
and manures on rice and wheat and use of improved seeds on rice only, 
will produce 730,000 tons of additional foodgrains?. The total acrqaue* 
involved will be 13 million acres in the 5th year. 

(-D.) Capital- investment and services. — The plan reveals .B’nt an 
expenditure of the order of 88.30 crores is necessary, provincial 
Goverumenl*- will have to incure some capital expenditure on some 
equipment and* buildings required for the storage and distribution 
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of manures, fertilizers and seeds. Tliey will also have to incur expendi- 
ture on services to operate the Scheme. For these two purposes, • the 
following estimate is presented : — 

1. Expenditure on Public Works Scheme 

including manures and seeds . . Us. 54 . SU erorcs. 

2. Capital expenditure at 5% on (1) .. IN. 2.70 crores. 

3. Provincial expenditure on services at 

10% on the Scheme as a whole (Its. 

88.3 crores) .. .. Rs. 8 . 83 crores. 


Total expenditure or 

say Rs. 100,000 crores .. IN. 99.83 croies. 


The present basis of financial assistance from the Centre 1o the, 
Provinces for the Grow More Food campaign is on the basis of 50j50 
to all Provinces except in the case of centrally * administered larca to whom 
full grant is given and on 'the basis of 66.2(3% to N.W.F.P., Assam 
and Orissa. For the next five years, it is suggested that the same 
basis may be continued. In the case of fertilizers and mechanized 
irrigation, the 50% subsidy to the Provinces be increased to 66.2(3 
per cent, as these two measures will contribute the largest quantity of 
food. 

The Centre will have to maintain its food production centre in 
the Department of Agriculture. In order to co-ordinate the work in 
tbe Provinces and to render advice where such is necessary, the expendi- 
ture on this account will he an additional item. 

■•(E) In the opening paragraph of this Scheme it was stated that 
the ultimate aim is to produce an additional 4 ton annually in every 
village in British India. To do this large scale organization, inten- 
sive work and large expenditure are essential. What is still more 
essential is that those who have to carry out this plan must secure the 
co-operation and the good-will of the villager. They must get down 
to the village through a village committee or ill rough a village co-oper- 
ative society, survey and ascertain which of these proposals mm ‘be 
put through within the period and on what scale. As.it is the culti- 
vator who ultimately has to do the job, he must be freed from tbe usual 
annoying red-tapism to which under the present scheme of things, lie 
is to submit where money is involved- Experience in the' past, has 
beefi that when lie sets out to get n small subsidy for a particular piece 
of work the process through which he can secure it is not only so com- 
plicated but so harassing that he usually docs not bother to take up 
the work. 

The various measures for growing more loodgrain .enumerated, in 
the foregoing pages will produce 2.3 million tons of foodgrains. The 
balance 500,000 tons are left for public and private Tube-well schemes 
for which a separate statement. I understand, is being jvepared. 

For the next five years it will be necessary to ke> p the .0 million, 
acres diverted from cotton, and jute during 1942-43 to 39-16-47 under 
food crops in order that the production from those aicas is n*'t lost. 

Sd|- D. 11. Sethi. 
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SUBJECT NO. 5. 

SOME SUGGESTIONS FOR MEASURES TO BE TAKEN, FROM 
THE SHORT-RANGE AND LONG-RANGE POINT OF VIEW 
TO MAXIMISE THE PRODUCT TON OF FOOD PARTICU- 
LARLY OF CEREALS. 


BT 

M. L. Mehta. 

Dircc1or t Rural, Soil Surveys anil Land Development* 
East Punjab, Karnah 

There are two problems with the Government of East Punjab ami 
the Government of the Dominion of India. These problems are : — 

1. Finding moie land for the settlement of agricultural popula- 
tion who have migrated from West Punjab. Making allowance for all 
•ultivated laud in East Punjab and absorption of refugee population 
in States, land is required for the settlement of 50,000 to 60,000 
families.' 

2. The food position of the whole of the Dominion of India is the. 
cause of continuous anxiety to Government and conditions are becoming 
Tor«o and worn*. An extract from the latest budget speech of the 
Finance Minister is given below. It atonee re vails the seriousness of 
••lie situation .• — 

" The value of foodgrnins imported into India was Rs. 14 crores 
in 104-1-1.), R«. 21 Crores in 1945-46, Rs. 89 Crores in 
1046 47 and Rs. 110 Crores in 3047-48 and Rs. 63 Crores 
for the half year Janunry-Junc 3048. The most impor- 
tant lesson to he drawn from a study of our external 
financial position is that so long as food imports continue 
on llie present scale, we would he confronted with the 
problem of an adverse balance of payments and the dis- 
equilibrium in our economy will persist. The only way 
to red >•<".•* the balance is to increase the internal produc- 
tion of food ”. 

Regarding No. 3 i.e., finding more land for refugees, in Aml) ( ala 
Division alone, there is an area of 6.5 lakhs of acres of uncultivated 
bund vacated by Muslims. Of this over two lakhs exist in one district 
KnrnAl. The total area of uncultivated waste land in this district 
including that owned by non-wmslims is approximately 6 lakh acres. 
Tn .statement attached arc given full particulars of the total land in. 
TCavnal di.stret. Tt will he seen that in some assessment circles as much 
as 47 and oven 52 per cent, of total land ‘is cultivable wjaBte lying 
vacant. Tf, for purposes of development and increased food produc- 
tion harani areas are also combined the percentage shoots upto 90 
«er cent. 
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If the whole of the uncultivated- waste land in Karnal district is 
brought under irrigation and colonised 'it. will afford -an ’opportunity 
to settle at least 50;000 agriculturist families. The Question now arises 
how to bring this area under cultivation. At present it is without 
any means of irrigation and carries Diiak of only stunted growth. Two 
schemes 'have been suggested one long range and the other' short range. 
For the long range scheme three alternatives are possible 

(a) Providing canal irrigation. 

(b) Providing open wells worked by bullocks. 

(c) Providing lube-wells worked by power. 

(a) Canal irrigation is out of question. Even when Nangal and 
Bhaklira projects are completed only a very small portion of the un- 
cultivated waste of Karnal district is proposed to be irrigated. The 
entire 'capacity of the "Western Yannina Canal is fully taxed and’ no' water 
is spare for any extension. 

"(ib) Wei? irrigation is dependent on a 'large supply of cement, 
coal and steel — -materials wliieh -are already in short 'supply and amongst 
competing demand from different areas and multi-purpose projects in 
other parts of "the • country, prospects for giving it n very extensive 
trial are very remote. Besides the costs of open -well irrigation. ' are 
high. Time is an important factor in the present Crisis and the advi- 
sability of proceeding with a tube- well scheme is justified. 

(o) As mentioned above tube-wells are the answer to the question 
of providing more land tor allotment to refugees and the increased 
food production that is required at the moment. ' 

Land being available the other questions to answer are : — 

(i), Whether sub-soil waler in Karnal is suitable for irriga- 
tion ? 

-(ii) Whether the required quantity is available ? 

(iii) Gan equipment be found ? 

(iv) What are the working costs? 

An -extensive sub-soil water survey of Karnal district was under- 
taken by the Lpnd Reclamation Department and the Irrigation Research 
Institute of the Joint Punjab. Tile results of their survev indicated 
that .• 

fa) Water available in the sub-soil is of suitable qujality for 
irrigation and 

(b) the required quantity of water for the area proposed to "be 
irrigated can be pumped with reasonable li&pc of ’Stability 
of the water level. 

- Regarding equipment Sir Datar Singh, Vice Chairman of the Im- 
perial .Council of Agricultural Research, Shri Bajawat, Tube-well Irri- 
gation Adviser to the Government of India and Shri Aftah Rai, 
Director General. Disposals have been consulted. They state that there 
will be little difficulty in procuring the equipment for making bores; 



installing tube-wells and working them with diesel engines, at least for 
the first set of bores which can be started almost immediately.' In tlie 
meantime more engines and pumps can either be ordered or manufac- 
tured in India. 

Working Costs . 

t * 

It is not proposed to give in this note detailed estimates for malting 
bores, installing -tubes and strainers and the machinery required to 
pump water. At a very liberal estimate including working costs, cost 
of repairs, interest aud depreciation \«ii acre irrigation (2} to 3 inch 
depth) would cost not more than Its. 3|*. This will be recovered as 
water rate. This means the tube-well project will not be a loosing 
concern to Government. 


Food Product ion. 

If our immediate objective be to provide irrigation for say two 
lakhs of acres of culturable waste and the installation of tube-wells be 
spaced over n period oi three years* then a suitable arrangement would 
be to Lave 25 tube-wells in the iiist year, 75 in the second year and 
XO0 In the Hurd year. On a rough calculation the production as a 
result of irrigation from 25 tube- wells should be of the following 
order : — 


1. Wheat on one tube-well 
Wheat on 25 lube-wells 

2. Gur, on one tube-well 
Gur on 23 tube- wells 

3. Fodder on one tube-well 
Fodder on -23 tube-wells 


. . G,000 maunds 

.. 1,50,000 maunds 

. . 4,000 maunrls 

. . 1,00,000 maunds 

. . 59,000 maunds 

. . 14,75,000 maunds 


When tlie whole scheme of 200 lube-wells is in operation, the yearly 
production will be 

Wheat : 12,00,000 maunds 

Gur : 8,00,000 maunds 

Fodder : 1,18,00,000 maunds 

Government is at present paying Its. 20j- per mound for imported 
wheat ami this is bring distributed on a subsidised rate of Rs. Hi- 
per mound . In other words Government is suffering a loss of Rs. 9|- 
per muund. 1,50,000 mounds of wheat produced in the first year, when 
the first instalment of 25 tube-wells is working, would be instrumental 
in a saving of Rs. 13,50, 000|- to Government, On this spore alone 
the first year scheme justifies itself, 

L1CI0AE 
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Short Range Programme , 

In Karual district the .average annual rainfall is 28.65 inches. If 
an attempt is made to establish a 'zone of field moisture capacity by 
concentrating the total rainfall of a given area upon a smaller area 
and below its surface a reserve of water can be accumulated in the soil 
on which normal yields of crops will be possible. This can be achieved 
by trenching as illustrated in figure attached. The soil dug from the 
trenches will be placed between them so as to form ridges. 

By this means a great portion of the rain falling on the ridges v 
will also flow into the trenches. In this manner it is considered that 
the average annual rainfall in the trenches- would amount to over 40 
inches. This is sufficient to mature a Kharif crop and also enable a 
rabi crop to be sown. 

The distance between the trenches and their depths will vary with 
the type of soil, the characteristic variations in rainfall and the 1 type 
of crop to be grown. Experiments are being initiated to determine 
the best lay out for Karnal district. 

In parts of Karnal district the water-table is situated at a depth 
of 10 to 12 feet from, the natural surface. In yeahs when rainfall is 
deficient Zemindars (dig kaeha wells and line it with Sarkanda. reeds. 
These kaeha wells last the whole of the winter season and are capable 
of giving wa’ter supply sufficient to sow and mature ten acres of wheat 
on each well. Each such kaeha well costs approximately Rs. 100. 

It is cstimiated that on each kaeha well the total produce of wheat 
will be not less than 150 maunds. This means one maund of wheat 
thus produced, will cost a little over annas ten in the capital cost of 
the well. If it is presumed that the price of wheat remains the same 
as control price this year, the whole amount spent on the construction of a 
kaeha well ejan easily he paid hack by the Zamindar from the sale 
proceeds of wheat crop. 

Suggestion has been made to the Revenue Department to advance 
taccavi loans to ( agriculturist families who are settled on enlturable 
waste land in portions of the district where kaeha wells are a possi- 
bility. 



Particulars of Land available in Karnal District. 
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SUBJECT NO. 5. 

£By Mr. M. G. Bijawat)-. 

An adequate and timely supply of good water for irrigation, ol 
crops is Sine g\ta non of ;any drive for intensive production of food* 
grains. Manure, good seed and better and scientific methods of culti- 
vation all play tbeir part in increasing the yield from cultivated areas. 
Where irrigation facilities already exist, they will produce immediate 
results. But where new areas have to be brought under the plough 
or where irrigation facilities are inadequate- they cannot show fulL results. 
Water is needed at all stages of plant life germination, growth 
and maturing and if irrigation supply falls short at any stage th© 
yield of crop will suffer, other scientific methods of agriculture’ not 
withstanding. 

2. Of the total Ignd area of about 800 million acres in the Indian 
Union about 260 million acres are actually cultivated and hardly 45 
millions are irrigated from all sources. So far only about 7 per cent 
of the total annual runoff of the Indian rivers has been • utilised for 
irrigation purposes. In 'addition there are vast quantities of water, 
as yet unestimated, which are flowing down io the ocean under the 
sub-soil of which only a very small quantity is being utilised at present 
for irrigation by means of open percolation wells and tube-wells. Al- 
though for various reasons topographical, climatic, rainfall etc. it is 
neither possible to bring the entire land area under cultivation nor 
of utilising completely the available sources of water for irrigating all 
the cultivated area, the above figures give an indication of the' vastness 
of the scope and possibilities of extending irrigation facilities and oi 
thereby increasing the production of food grains an!d other crops in 
India. 

3. The various provincial Governments are fully alive to this aspect 
of the agricultural problem and investigation for large multipurpose 
water projects, of , which irrigation is to be one of the main objectives, 
are in hand in almost every province and in some eases, preliminary 
projects have .also been prepared. They have also got numerous irri- 
gation projects on their 5 years G.M.F. and development programmes. 
When fully developed these projects are estimated to bring some 25 
million acres under irrigation.. The multipurpose projects wjhich 
account of major part of this area will take at least 25 to 30 years to 
develop. Even the smallest of these projects may be in working stage 
in less than 10 years. And in case all the large projects in all the 
provinces are started simultaneously their completion may be consider- 
ably delayed owing to shortage of cement, of steel shortage of earth 
moving and .other constructional machinery. They will not therefore 
help in the problem of immediate stepping up of the production of 
foodgrains. 

4. The only hope of increasing irrigation facilities {during this 
critical period lies in the quick formulation and execution of small 
irrigation projects tapping the small surface streams and of intensive 
exploitation of around water by means of tube-w.ells. In provinces 
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liL? Bengal, Orissa and' pari of Bihar proper ldrain,age of low lying 
areas by opening out old silted water courses and by constructing new 
ones offers great scope of bringing large areas under cultivation by 
reclaiming water logged land and of saving existing cultivated areas 
from flooding <and damage to crops. 

5. The available technical man power in the province is, however, 
moie than fully employed in routine duties and in the preparation of 
large multipurpose projects. They are therefore unable to give the 
time and attention which the smaller projects require with the result 
that they are not making as much and as quick progress as is necessary 
under the existing circumstances. It appears necessary to earmark 
a definite staff in each province for the surveys and preparation of 
these small short term C. N. P. projects. Certain targets of extra food 
production have been accepted by the provincial Governments under 
the various irrigation heads such as : — 

(a) Open percolation wells. 

• (b) Minor irrigation works such as small tanks and reservoirs, 
bund projects, flood irrigation. 

(c) Drainage projects for reclaiming water loggeld areas or 

relieving flooding of crops. 

(d) Lift irrigation schemes such as pumping projects from 

rivers, tanks and di*ains. 

(e) Exploiting ground water resources wherever available. 

Some work has been done under all these heads in various provinces 

but to enable satisfactory progress to be made under (b), (c) and (cl)* 
tile suggestion m,ade above of allotting a definite staff with a clear 
directive to the technical officers to produce schemes, at least upto 
the extent of targets already accepted, within a definite period seems 
'to be essential even though this may involve a delay of a yean or so 
in the large multipurpose, long-term projects, 

6. As regards (a) the provinces are doing what is possible with 
the limited quantity of coal, bricks, cement steel and small pumping 
units. 

7. For exploiting ground water, supply of cheap electric power 
is essential. This is at present in short supply in the Punjab, U.P. and 
Bihar where scope for immediate exploitation exist . 

8. Appendix II with this note gives the details of the progress 
so far malde, the proposed schemes in the various provinces and the 
difficulties in the way of their: quick execution and explain the steps 
which appear to ibe necessary for expediting 'tlie execution of tube-well 
programmes. 

Sd{- M. C. BIJWAT, 
Irrigation 'Adviser. 

’ 27-3-48. 
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APPENDIX r. 

Irrigation cUafatlcs of India (All figures in million acres). r ' 


Name of province or frtnto 


Isbiv 

Provinces . . • • . • • 

States . . . . • • • • 

Total 


Patiala 
East Punjali 
United Provinces . 

Madras . . . 

Bihar . . 

Orissu . . ■ • 

Mysoio 
West Bengal 
0. P. and Berar 
Bombay 

Hyderabad . 

Minor administration 
Other States 
Assam 


Area i 

1 

Area 
irrigated 
annually 
by all 
wwaTOSft 

Total 

Cutt'i\ ntod 
annually 

452 

205 

40 

350 

55 

0 

SOS 

200 

. 

4 

3 

1*2 

20 

10 

0 

08 

45 

12 

80 

40 

10 

44 

24 

5 

21 

7 

1*5 

19 

7 

11 

49 

* 30 

) ' 8 

03 

27 

i*n 

49 

30 

1*2 

53 

29 

1-3 

15 

0-8 

0.5 

280 

14 

o 

43 

7 

0-2 


APPENDIX II. 

(Ministry of Agriculture.) 

Irrigation 

The only province in which the ground Water potential has been proved and 
where immediate results in extra food grain production can be realised by pump- 
ing up subsoil water for irrigation of crops cm new areas or on areas with inade- 
quate facilities of irrigation are the East Punjab, the United Provinces and Bibar. 
In other provinces a considerable amount of exploratory work is necessary before 
large schemes of tnbewell construction caii be formulated. 

2. These three provinces have several large schemes for exploring ground 
water by means of tubcwells but the actual progress so far has not been upto 
expectations. 

The reasons are : — 

(i) Lack of cheap .electrical power for woi'king tubewells. Existing elec- 
tric installations in all the provinces are overloaded and power from, 
any -of '.the- lni'go projected hydro-electric schemes is not expected 
to be (available before at least 10 years. 
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(ii) Reluctance on the pari of the provinces to inslnl steam or oil "one* 

rating sets for energising tubewclls on account of cost. Power from 
such plants cannot be' supplied to cultivators ‘ al‘ cc* noraic rales 
without subsidising it. No decision has been taken in any Province 
in this regard. 

(iii) Slow progress in drilling tnbcwelk hv means of manual rigs au 1 delay 

in the supply of power driven drilling plants and* other nncilla’.y 
equipment. 

(iv) Non-availability of trained and experienced drilling staff on sanc- 

tioned pays both for the purpose of training Indian personnel and 
for supervising field work on account of which even the available 
rigs ciimnot ho put to full use. 

Unless urgent and immediate steps are taken to remove these bottle nork<, 
satisfactory progress ' will not be possible. These sclnmcs shown in the list are 
wliat the provinces have at present in view. They arc li mover capable of consi- 
derable expansion as a result of net uni experience on these schemes. The steps 
which nppear to be necessary to expedite the construction programme in the pro- 
vinces are : — 

(a) Including the provinces to allot a definite hlcek of power for tube- 

well working their existing installations by rea'locut ng ousting 
loads. 

(b) If this be not feasible or does not release sufficient power to use st am 

or oil plants and subsidise tbe sale of power to cultivators if neces- 
sary. 

(e) Directives (o be issued to the provincial techn'enl oflieirs to formuhite 
tuhewell and other pumping .solmne to the extent of power nude 
available within a specified tuue. 

(d) To .expedite the const met ‘on programme so formulated— 

(i) To recruit two Dril.ing Engneers for purposes of impart ’ng .nunhig 
to Indian personnel at (he Ccntial Dvil ing St bool, Dhn'iauri. , * 

tii) Two or three Drilling Engineers to supervise field work m order to 
expedite construction programme. * * * * 

{<?) In the alternative to import foreign firms from U.K. or U.S.A. as sug- 
gested by Sir PJit-roze Klmrcgat for c airing out tube well nmstnje- 
lion provided prov'nees he will.ng to employ them and to pay l e 
extra cost involved. 

4. In any ease if (ho power qucsHon could he solved the eonstrnetion pro- 
gramme can be expedited even bv indigenous .methods in the absence of power 
rigs. In the United Provinces 3.300 tubewclls were eomtnic'i d in 5 years by 
menus of hand rigs through departmental and (rode ehnnnels. It slmu'd not be 
very difficult to repeat the performance in various provinces given the noces-nry 
priority in men and materials. At present even the wells n'rrpdy r r >nstrne'ed have 
not yet 'been energised. Some 25 tubewclls were constructed by the C.G.W.O. in 
Bihar during the past year but not one of them has been so far energised. About 
100 tubewclls newly constructed in the 'United Provinces still remahi to be ene’r 
gisod. In Fact during the last Klnirii fa=l some 300 old (u^e wells had to bo put 
off for some lime for want of power. These provinces arc therefore naturally 
unwilling to push on with their construe' ion programme. 

M.-C. B 1.7 A WANT. 

’ Irrigation Adviser to the Government of In flit 

and Chairman, Central Ground R'a/cr Orgau'sation. 
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Slatetnenl showing the position of Tubewell projects in the Provinces. 


Name of Provinoe 
and Project 

No. of tubowells 

Estimate 

Comp- 

leted 

and 

ener- 

gised 

Remarks 

Stand* 

ard 

Feeder 

Sane- ! 
tioned 

| 

| 

Pro- 

posal 

East Punjab 







1. Tubowells in Kar- 
nal area. 

250 

•* 

•• 

250 

• • 


2. Tubewells in Jaga- 
dhari. 

a • * 

100 


100 

•* 

» 


3. Tubowells in Nan- 
gal aToa. 

100 

a « 

• • 

100 

• • 


4. Private tubowells 
by Agriculture 

Department. 

2,000 

• • 

a • 

2,00 0 

• • 

1 


United Provinces 







6. State Tubewell 

Scheme Project 
East and West. 

GOO 

a • 

GOO 

• a 

411 

1 

C. State Tubewell 

Scheme (East and 
West). 

250 

• • 

• a 

25 0 

• • 


7. Tubowells in Main- 
puri area. 

400 

• • 

• 

400 

• • 

Explanatory work 
for this scheme is 
being token up. 

8. Gorakhpur Tube- 
well Schemes. 

1,000 

a • 

100 

900 

« • 

Tho construction of 
100 tubowells is 
boing taken up 

very shortly. 

9. Faizabad Tubowells 
sohemes. 

250 

• • 


250 

• • 


10. Gravel packed 
wells schemes. 

• a 

18 

18 

•• 

■ • 

The construction of 
these tubewells is 

being taken up 

shortly. 

11. Sarda canal area 

a « 

600 

• • 

600 

• a 


12. Western canal area 

• * 

600 

• v 

600 

• • 


13, Private Tubewells 
Five year scheme 
(Agriculture Depart- 
ment). 

1,000 

•• 

1,000 


• a 

Scheme has bom 
rocoived in the G/I 
for subsidy. 

Total o/o 

5,850 

1,113 

1,713 


411 
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- 1 

2 

3 < 

H 

H 

6 

7 

Total B/f 

Bihar 

6,850 

1,113 

1,713 

6,250 

411 


14. P.B.B.E.B. scheme 
7 stags. 

60 

• • 

00 

• * 

! 

20 

« 


16. Dohri Sasaram 

Scbomes. 

16 

• » 

16 

• » 

16 


10. P.B.B.E.B. Scbe- 
mos 11 Stage. 

100 

• a 

100 

• * 

• » 


17. Gangs and rivor 
pumping stations. 

% t 

6 

4 

2 

4 

' 

18. Private Tubs wells 
(Agriculture Do- 
partmont). 

260 

•* 

. 260 

• % 

• • 


10. Gave sugar Mills 
Ltd. 

West Bengal 

76 

| 

% * 

76 

* “ 

“ * 


20. Agriculture Do* 
pertinent. 

Okissa 

40 

1 

a ■ 

• * 

40 

• • 


21. Statu Tnbewolls 
sobomo. 

Manats 

200 

» t 

40 

100 

• » 

Exploration work la 
to bo carried out in 
tho first instance. 

22. Vridhaohalam 

la'uks 

107 

• • 

• • 

167 

» • 


23. Coastal Area 

Central Govern- 
ment 

260 

1 

1 

• • 

250 

■ • 


24. Kurksl.etra Refugee 
Camp. 

2 

» * 

2 

• « 

a • 

Construction is in 
band. 

26. I.A.R.T. Kamal 
Sub-station. 

3 

.. 

3 

* * 

* • 

Will shortly le 

takon in hand. 

Grand Total .. 

7,013 

1,119 

2,013 

6,110 

451 



In addition to tbc above projects there are several projects for construction 
of tubcvclls and exploration of ground water potentialities in C.P. '& Herat, 
Bombay, Pnlampur, Baroda, Patiala, Dharangdhara and other states. 


New Delhi, 

The 16 th March , 1948. 


M. C. BIJAWAT, 
litigation Adviser, Chairman , ' 
Central Ground Water 
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St'HJKCT Xo. th~~Coiiseqi(ent on Hie decision of the country to consider measure «| 
„ . to be m taken^frqm the short range and long range point of view to mad uunse- 
the production of food particularly of cereals' in India so as to reduce her- 
dependence on imports to the maximum extent possible and to suggest five 
years targets of increase in such production for each unit of adntin.stration 
comprising India. 

Hole by Surdar Bahadur Sardar Harchand Singh, Commissioner for Agriculture, 

Patiala. 

It is an admitted lad that our production is much low than other Countries 
like Egypt, Germany, Japan, U.S.A. aiid Canada. In my opinion it is mostly 
uuc to the following causes : — 

3. Seed hed is not prepared ns good as it should he, which is due to, 

(a) Poor condition of cattle. 

(b) Poor health of farmers. 


When I was young T heard farmers singing a song shout the proper prepa- 
ration of seed bed so that one may enjoy the maximum yield. The song runs as 
under • — 

Satbi sawin gajran sau sawin kamad 
Barah Sevan payake dekh kanak da jhar. 

This means that to prepare a seed bed for carrot crop give fit) ploitfflmigs, for 
bu<ti- cane give 300 ploughing* and for wheat give 32 ploughings and then will 
enjoy the maximum yield. , 

Similarly they used to say : — 

■ Sayan sona liar roopa sawnn samiu 
Bhadon wnhi gayi nalhavi. 

It means iliat if yon siart the preparation of seed bed in winter (fall) for 
thp enmuig It abi crop, you will gt l the produce equal in gold. If vou stnvl 
ploughing in summer, vnu will get produce crpial in silver and if you will s'arl in 
July and Angus! produce will be c~ual to thp. labour. If vou start preparation 
of seed bed in September and October your labour will be fruitless. 

I have put in move than 35 years in fh : s line. T have seen that seed bed is pre- 
pared very ponriv which is due to ibe poor health of the livestock. Efforts should 
therefore be made to improve the live-stock of the country. 

The second point of consideration is the poor health of the .actual field 
Workers. ?.e.. farmers. Forty years back in our side of the country, the grown 
lip sons of thp farmers used to have wrestling matches and other games dn ; ly 
in (lie evening. Promising young men wore supplied Ghee collectively from the 
village people but now Ghee and milk is being replaced by tea and vegetable Ghee 
even m the villages. Foimeriy farmers never knew what lea is. Drinks were 
taken on ceremonial occasions, opium was oaten by very few old people but now 
in the villages opium, drinking, smoking and taking of tea and snuff has become 
a common habit among the village young men as well as old. They have become ' 
rmahle to pul so much manual labour in the fields as farmers used to do thirty or 
Jcrty years before. -* 


thnJ’ifi , (bo socIaI workers should be carried ottt to stop 

adjacent fb P r i ' f 3n ^, a * ia n State have taken up n group of spveral villages 
adjacent to Pat. ala tonn to replace the defective poor stock by high yielding 
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awl brood cows and buffaloes (and io arrange to have the maximum yield from thd 
crops in each holding. 

2. Irrigation at facilit ! es. (Long term). — In India most of the area depends 
Upon ruins. Sometimes, the ra’ns are 'Uncertain. The required water supply of 
the crops should bo arranged by the following methods. 

(a) By digging more canals. — We ore spending extremely little on u AGRI- 
CTTjTURR ” ns compared with other countries. The work of digging more 
canals should' he taken up by the Government who should be very liberal in spend- 
ing money for this purpose. 

(b) By constructing "Buitdhs”. — In the plains where there arc hilly tracts 
ruin water should be collected in big reservoirs by Cons(ruc*ing Bimdlis. This 
work can be taken np by the Government. 

(e) Construction of masonry wells and Tube wells (Short term proposal)— 
Government should he very liberal to gvc Tnkavi (loan) on cheap rates and 
to arrange the supply of sufficient material for the constructing of masonry and 
Tube wells. 

8. Low productivity of the so : t. — It is due to luck of bad preparation of se~d 
bod ns already explained and insuflieienl supply of manure. To get a proper yield 
from the soil sufficient quantity of manure should be added. Under the short 
term the following proposals are put up. 

(a) Farm yard manure (Short term). — The old and still the best source of 
supplying organic and inorganic matter is farmyard manure, i>„ the dung and 
urine nf entile. Lot of improvement can lie made in its process by storing in pits. 
Though a great propaganda has boon earned out in this respect, but "til the 
Indian farmer is found preparing dung cakes and ns'ng it as fuel. It is pcihap 9 
due to the fact that dung cakes cost him nothing except his labour and fuel wood 
is not within Ids rosy reach to obtain In order to discourage burning of dung 
cakes and using it ns a manure quick growing tiers should be plnnted near the 
villages. Secondly it should he made compulsory by law to store the farm yard 
manure in pits in ninth case more than twice the food plant elements w’ll be re- 
turned to the soil than what it is wlun it is kept in the open. 

(li) Compacting (short term). — The city refuse ran be‘f ho ulil'sed by making 
its compost. This i-> another method of adding.organie matter to the soil. 

(e) 'Artificial manures. — Most of the 'nils hive responded very well to the 
application of Nitrogenous fert'Iiwrs and their npp’icn'ion should he encouraged 
more and more. These manures should be made available to the farmers in suffi- 
cient nnanlity near their homes mid a< cheaper rate.s. The application of 
ammonium Milphate decs not pay to tin* cultivator if it is sold at Rs. Jli- per 
mauml to the cultivator when the wheat rate is Rs. 8[Bj- per maund. 

(d) Greet! Manuring.— Another source of supplying organic nrttcr is through 
green manuring which is sullied to some extent to the availalrlTy of momturc 
and time required for its decomposition before the next crop is sown. To en- 
courage this organic manure, TTis Highness’ Government, Pnt’ala has given consi- 
derable concessions in canal water rates, 

4. Double cropping. — When proper supply of manures will ho done, jand 
wafer supplv for crops sufficient and eertnin there can bo double cropping and 
hence more food. 

5. Supply of sufficient improved seeds. (Short term). — It can be done by tho 
following methods : — 

(a) To lease out large areas for the production of good seed. It is being 
taken up hi Patiala Slate. 
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(b) To arrange with big land-lords to grow pure seeds on their farms and 

to storo it for tho uso of other farmers, in which case Government 
should pay them the storage expenses and reasonable premium. It 
is in practice in Patiala State, 

(c) To open more agricultural Farms for the production of pure seed. 

6. Bringing of cultivable waste under cultivation . — Under the grow more food 
Campaign we have been able to turn 10,854 acres culturablc waste into cultivated 
area, but the most effective method is that culturable waste belonging to individuals 
should be opened by means of tractors. Very nominal nates should be charged 
by the Agriculture Departments. We have this proposal but have not been able 
to get tractors. The Government of India therefore should arrange to Bupply 
tractors to the needy persons nt reasonable prices. 

7. Consolidation of holdings . — Under tho long term plan the Government 
should tnke up consolidation of holdings vigorously and as quickly ns possible. 

8. Soil erosion .— Due to the faulty methods of land use and certain other 
factors which ore beyond tho control of an individual cultivator, millions of tons 
of fertile soil which is fomed during a course of long period is lost through tho 
agency of either wind or water. To check this menace, proper land uso planning 
various engineering and forestry operations should he carried out. 

9. Seasonable price to producer.— In tho end I would strongly recommend 
that tho Government should guarantee a reasonable price before sowing in order to 
encourage the cultivators to bring more and more area under the price guaranteed 
crops. 


Subject No. Y.— Production of more jute in India in relation to the procurmeut 

of food grains from abroad. 

(Note by Dr. B. C. Kutidu.) 

For the last five years the country has been facing an acute food shortage 
and the Government of India as also the Provincial Government arc doin'* their 
best m the matter of production of more food in the country. The food problem 
has of late been further intensified on of the division of the country. 

The question of production of more food is no doubt very important and all 
2- * ,nu?t ., be <1iroc . tc(I to that direction. From point of view of national 

self-sufficiency the country must be able to produce enough food to feed her 
eemmg millions. But in spite of all our efforts wo nre still short of supply of 
the adequate quantity of food to he required by us. PP y 

tlmt uhZZF!? ° f f °°1 I ,T0CU *‘® ni ® n t has not preferably so much discussed imd 
3 i s J*?7 I™ co *> PGt mow from abroad by sending our raw materials 

*!:'l h V ‘ m J inroorf - 1 “» talkiTC J.ttiaSy " 
W° ‘Z more iulc 10 oulsi ‘ ,,! ' 

n, - 

of Sr”?r el,iet ‘’'’’l'"; TT' W»* »« Mmr import, 

In 1916 they accounted for 38 per cent, in value of tho 

** 74 rniition do,,™ A pound of O-lIttllfo SdTpSf 
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exported in January 1948 earned 29 cents and 14 cents respectively in U.S. cur- 
rency, while at that time whaat in U.S.A. was selling at about 6 cents per lb. 

The international draft agreement on wheat has fixed the maximum export 
price of wheat at Us. 6)11]- per bushel which is equivalent to 1.8 annas per lb. 
The current price of 9-porter hessian in Calcutta is 13 pnnas per lb. and that of 
raw jute 7 annas per lb. The World' Wheat Pact is expected to become operative 
in August 1948. If prices of jute and jute products remain more or less on the 
same level as at present, then a lb. of 9-porter hessian and a lb. of raw jute will 
bring us in exchange about 7 and 4 lbs. of wheat respectively. 

As rcgnrds rice, similar comparison cannot bo made for want of price data 
of countries which supply most of our rice requirements. In the U.S.A., however, 
rice was selling in September 1947 at 12-5 cents per lb. 

Prom the above data it is seen thjt it is possible to get more food from abroad 
if we can export juto for which thero is a groat market outside. 

acquirement of raw jute in Indian Union. — The estimated raw jute require- 
ment:, of the Indian Union will in the near future be as shown below : — 

Lakhs of bales. 

L Mill consumption 

for manufacturing jute good for export .. ..i 

for manufacturing jute good for internal consumption. 

II. Export of raw jute • . . . • •• • • 

III. Village consumption . . . . • . i 


Total 

.Tutc crop of 1947-48 in the Indian Dominion 


Deficit .. G4.5 

Possibilities of increased production.—' l’he output of jute in the Indian Union 
can be increased (1) by increasing the yield per acre by the use of seeds of im- 
proved strains and by the application of correct fertilisers ; and (2) by increas- 
ing the acreage. 

Increase in acreage con be effected without increasing the area under food} 
crops. This can bo done hy (a) utilising small portion of cultureablc waste lands 
and current fallows lying in the jute growing areas ; (b) extending jute culti- 
vation in other provinces and states ; (c) practising a system of double cropping, 
*\c., growing jute as an. earlier additional xjrop in suitable annum paddy lands ; 
and (d) providing irrigation facilities in other areas which has proper sod and 
other conditions but has not the rainfall at the proper season. 

It may, therefore, be said that more jute has to be produced in India not 
only by running the mills but also to get more food as also other capital goods from 
abroad. 


50 

10 

20 

1.5 


81.5 

17.0 
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SuiUECT No. 5 , — Increasing food production by controlling plant discuses* 


In auy programme to maximise the production of froil in India, the destnic-. 
live role of plant diseases and posts should not he lost sight of or measures to fight 
them forgotten. A most conservative estimate made some time ago puts the animal 
toss due to the ravages of rodents, insects, fungi, bacteria and viruses, to the crops 
in tiie field and in storage, at 500 crores of rupees and in years when there is u 
serious epidemic, even of a single disease like I lie black stem rust epidemic of 
wheat in 1946-47, the losses will he even greater. 

Unfortunately while a good deal of research has been done on fungi, h-.uleria 
and viruses nf the centre and the provinces, such investigation in a majority of 
cases have not been integrated to the actual needs of tin* country. Tli sc need’ 
are the estimation of the extent, spread, scatter and relative de.it ruet'vcue«s of 
diseases and development of precise methods of their control. Oh erva'ions on 
the growth of a fungus in different culture media, at differ, lit temperature-:. etc., 
have their value and while they are important in themselves, they do not tell on. 
farmers what they .ihould do to control the disease which that fungus ni'y cause. 
While studying a fungus therefore in the Inboxalory, the methods of eon'rolling 
it in the field must also he devised. 

For cadi piovitice and slate, a list of the most important diseases that affect 
the more important crops must he prepared and tile extent of their spread and 
the damage they cause, dctei mined. These few dne«<es should lie studied from all 
angles including roiitrn! methods. Fungi which are scientifically interesting occur 
on our crop ami also wild plants. But the actual damage they do is often very 
insignificant. Their determination and study should be left to the Systematic 
Mycologist at the centre or to the Univeritv Departments ol Botany, To spent: 
the valuable time of the Agricultural Department Mycologies on such matters 
would he an unpardonable crime. 

But the afore iurned'irfe need to 'increase food production 's to devise quick 
measures. Among such ineaMires are the treatment of eenyil and vg.'talile seed 
to control seed horne diseases by seed-dressings and tin: spraying of vegetable and 
fruit tice crops by sprays. 

The precise extent of some of the cereal diseases that can he control’ed by 
seed treatment is at present unknown. That U because such provinces :> s Wr-t 
Bengal, Bihar, Orison, Coon:, A jmer-Merwnra, etc., were without Mve.diigiri.. 
until recently and sonic do not have them even now. T» the other provinces the 
staffs provided to the Mycologists were not commensurate with the needs of tho 
work. But treating cereal nnd vegetable seed with nn organic mercury seed- 
dressing is. after nil, a prophylactic measure, a kind of crop ilMiranee to avoid 
disease, rather than cure n disease. Seed treated with such a seed -dressing gives 
it 1ms been discovered, a moio vigorous nnd sturdy crop which is, it has 1 k*c« re- 
claimed, able to resift to some extent, nn nir-horue disease that may appear titer 
in the season. Plans should therefore be made to go-ahead with the work of seed 
treatment. 


In the case of the seedling diseases of rice, work done by Grnllrv, Chilton and 
their colleagues in the U.S. hns shown that greater violds are obtained bv (mated 
crops than untreated crops. Uppnl and Patel who worked on the Urhnintho - 
spem foot-rot of rice seedlings at Larkhmia in Sind, have shown beyond anv 
doubt that such treatment with organic mercurials controlled the seedling* phase of 
the disease effectively. 1 


Then again Hie foot-rot of wheat in the seedling phase is prevalent in an 
alarming degree in the Central Provinces nnd adjoining States, duo to which even 
llic seed-rate is us high as 120 to 330 lbs. per acre. Plans must be devised to 
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control it by seed-dressings immediately and more work on foot-rot should be 
planned for our knowledge about it in India is very meagre. } 

As a result of the work done by the Bombay Department of Agriculture, the 
use of seed-dressings against jowar smuts has becom'e very popular. The dress- 
ing used is sulphur dust of extreme fineness. But sulphur has this disadvantage, 
that it can control only smutg and not other diseases of jowar that may be preva- 
lent in a province. Tests made in Gwalior and Delhi have also shown that sulphur 
nas a depressing effect on the jowar crop as a whole, so that whatever good it does 
by controlling smut is lost in other ways. Substitution of sulphur by organic 
mercury seed-dressings should therefore be encouraged. 

Even in the case of diseases that can be controlled by spraying, we do not or 
yet have any spray-schedules excepting in a very few cases. The attention of '< (m 
Mycologists has unfortunately been devoted lo less important and less urgent 
matters and the necessity of preparing spray-schedules to fight air-borne Uisiiasea 
has been lost sight of. It is hoped that such schedules to control early and latc- 
blighl of potatoes and leaf -spots of oilier vegetable crops, using Bordeaux Mixture, 
Ditbanc or Perenox, would be soon available. We have neglected tbc-c matters 
far too long. It is time* something is done, and that too quickly. 

B. B. MUNDKUR, 
Deputy Director {Plant Diseases)* 
Directorate of Plant Piotection, Quarantine , and Storage. 


Subject No. 5. 

. IMPERIAL COUNCIL OP AGRICULTURAL RESEARCH. 

SEVENTH MEETING OF THE CROPS AND SOILS WING OP THE BOARD 
OP AGRICULTURE AND ANIMAL HUSBANDRY IN INDIA ‘TO BE 
HELD IN APRIL 1948. 

NOTES ON SUBJECTS ON THE AGENDA PREPARED BY THE BOARD 

OP REVENUE, MADRAS. 

‘‘Consequent on the division of the country, to consider the mcasw cs to he taken, 
from the short range and long range point of view to maximise the production 
of food parlictdarly of cereals, in India so as to reduce her dependence on 
imports to the maximum extent possible and to suggest fine-year targ t$ of in- 
crease ill such production for each unit of administration comprising India. 1 ' 

NOTE BY THE BOARD OF REVENUE. 

\ 

The Development Board, Madras, at i's meeting on 18th September 3946, 
considered it necessary to fix targets of acreage and production in respect of food 
crops and commercial crops in each district with a vow to ranking this Province 
economically self-sufficient, particularly in the matter of food crops ; to fix a time 
limit to achieve self-sufficiency in food and to set up the necessary machinery to 
assess the achievements each year in ouch d’strict and in the whole Province ; and 
to ensure the realization of the targets fixed. This proposal was informally dis- 
cussed by the Heads of the Agriculture, Land Revenue and Irrigation, and Civil 
Supplies departments, and it was agreed that the work should be distributed among 
‘the three departments and a final report drafted after the detailed imports of 
. the concerned departments were available. 

Accordmg to the decisions reached at this Conference, the Civil Supplies 
department lias estimated the requirements of foodgralns for consumption ex- 
cluding requirements of seed and these estimates are furnished in the statement 
L (.10 AU 
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appended. Tie estimates are based on the dietetic habits of the people before 
the war and on the actual consumption during the four -years ending 1941-42 
excluding 1938-39 under free trade before conditions become abnormal due to 
the war. It is based on the formula : consumption .= production X imports — 
exports. In the case of rice and millets, they have heen estimated on the basis 
of average consumption during a period considered as normal after allowing 
for increase in population and may be considered as fairly accurate. 

In the case of wheat and wheat products, however, it will be idle to specu- 
late on future trends of consumption of these commodities. Due to the intro- 
duction of controls and subsidies and as a result of the vigorous campaign con- 
ducted in the recent past and the comparatively low price at which the com- 
modities were offered through nation shops, the consumption of wheat in eight 
weeks amounted to nearly as much as the average normal consumption in a whole 
year before the war. How the consumption of wheat will shape under conditions 
of free trade is however problematical. The actual offtake for 1946 and 1947 of 
wheat and wheat products has been furnished and estimates for 1948-56 have been 
omitted in the statement. It may he taken that the poorer sections of the people 
will not go in for wheat and that only the richer few will take to wheat to a greater 
extent than before as their dietetic habits have been transformed to some degree 
due to the advent of rationing. The consumption of wheat in 1956 may be roughly 
estimated at about 120,000 tons. 

The extent of land likely to be brought under cult : vation under existing or 
sanctioned schemes oE irrigation in each of the ten years from 3940 showing un- 
cuHivatcd lands and lands now cultivated with dry crops separately, has been 
estimated and is shown in the statement appended. 

Tile question of fixing district targets for the next ten years, sett : iig up a 
machinery to assess the achievements in each year in each dis'rict and in the whole 
Province, and ensuring the realization of the targets fixed and increasing the pro- 
duction with special reference to (a) early sowing of paddy seed beds, (b) im- 
provement of drainage in delta systems and (c) development of mixed farming 
under wells and in the area to be commanded by the Tungabliadra Project. Is under 
separate consideration by the concerned departments. These are expected to bo 
finalized shortly and a comprehensive scheme 4 as envisaged by the Development 
Board is expected to be made ready. 

In Hie meanwhile, the Government have formulated a proposal for increasing 
the production of rice in the Province by an over-all target of 6.5 lakhs annual 
tons by 1951-52 through severnl schemes including irrigation and well-sinking 
sehemes. This over-all target is the increase of production aimed at over tho 
average normal production of rice in tile Province and has heen accepted by the 
Government of Tnd ; a and is in implementation of the Government of India’s Five- 
year Plan for food production in this Province for 3947-48 to 1951-52 in order to 
contribute to a target of increased production of four million tons of foodgra : ns 
for the whole of India. 


The statement below shows the target of 6 . 5 lakhs tons distributed yearwar :• 


Tear 


Rice in 
tons. 


1947-48 
3943-49 - 

3949 - 50 

3950 - 51 
1951-52 


300,074 

500.000 

550.000 

600.000 

050,000 
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The several schemes by which the ultimate target of 6.5 laklia of tons is to be 
attained and the quantity of paddy which will be contributed by them is furnish* 
cd* below . 

■ SchomOi Paddy In 

tons. 

1. AVolls— 62,500 wells at the rato of 12,S00 wolls por year — 5 acres pot well, 25 

por cent increase in yield . . . . . . . . . . 78,000 

2. Now private tanks in 5lnlabar and other districts at the rate of 1,000 por 

annum or 5,000 in five years to command 10,000 acres. . .. .. 12,500 

3. 35 privato pumping sola, 3,750 acres at tho rate of 4 ton per aero . . . . 876 

4. 240 P.W.D. minor irrigation projoots to command 185,000 aoros — 1/5 ton 

por aero being now land . . . . . . . . . . , , 60,000 

5. Manuring with (ammonium sulphnto) 100,000 tons in fifth yoar . . . . 300,000 

6. Manuring with phosphate plus oil cakos or phiB green manures : 180-000 tons 

in tho fift h year . . . . . . , . . . , . 180,000 

*i. Multiplication and distribution of improvod seeds for 7,100,000 acres by 

tho fifth year • .. .. .. . . 355,000 


070,376 


other 
grains in 
tonB 

8. Cultivation through mechanical means 76,000 acres in tho fifth year . . 13,000 

D. Increased yield through contour ridging and levelling 50,000 aoros in tho 

fifth year .. .. .. .. .. 4,000 


17,000 

Total — 97G,375 tons of pnddy or 650,920 tons of rice and 17,000 tons of other 
grains. The estimated cost of the Five-year Plan is Rs. 8,89,04,900. 


APPENDIX I. 

Estimates of requirements for consumption excluding requirements of seeds. 


I 


Tear 

15st imatod 
population 

’ Rico 

Millots 

Wheat and 
wheat 
products. 

PulttOf 

Avcrago of 4 

48,011,495 

4,885,041 

2,838,173 

00,050 

600,829 

j'cnra end- 






ing 1041-42 






excluding 






1938-03. 






1046 

62,141,753 

1,529,380 (n) 171,374 (a) (b) 

206,095 («x) 

643,167 

1047 

62,720,526 

1,580,753 la) 206,090 la) (6) 

38,018 (a) 

649,180 

1048 

53,305,724 

6,320,050 

3,1 1 3,0 4 1 

• • 

655,282 

1049 

63,807,418 

6,379,700 

3,147,500 

• * 

661,440 

1950 

54,405,670 

6,430,424 

3,182,534 

• * 

507,078 

1951 

55,100,581 

5,400,802 

3,217,800 

• • 

573,070 

1952 

65,712,107 

6,560,850 

3,253,578 

• * 

580,380 

1953 

66,330,602 

6,022,575 

3,289,093 

• 9 

680,792 

1054 

60,055,872 

6,684,086 

3,320,209 

9 9 

593,305 

1956 

67,588,082 

6,748,080 

3,303,130 

9 9 

509,891 

1056 .« 

58,227,310 

5,811,893 

3,400,401 

9 9 

600,650 


(a) These figures represents actual otT-take. 

(b) Millots inotudo maito, batloy, and ryo. 
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APPENDIX VI. 

Nates read at the meeting on subject No. C, 

Notes common to subjects G(n) to G(c), by 

1. Prof. L. S. 8. Kutnur. 

2. Dr, K. C..Sen nnd 8. C. Hay. 

3. Mr. S. N. Chnndniscklmrnn, 

4. Mr. J. Unnorjep, 

6. Dr. T, J. Mirclmndnm nnd Mr. P. M. Dnbndghoo. 
Note on subject 0(n), by : — 

G. Sir. N. C. Das Gupta. 
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MEASURES ADOPTED TO INCREASE THE FODDER PRODUCTION. . 

(L, S. S. Kumar). 

(a) Selction and propagation of perennial cultivated grasses. — The perennial 
grasses cultivated in the different provinces of India, are very few in number and 
alm ost all of them are introduced exotics. The principal among the pcmnial 
cultivated grasses of this country are the following : — 

Guinea grass — Panicum maximum. 

Napier or elephant grass — Pennisetum purpureum. 

Rhodes grass — Chloris gayana. 

Para or Mauritius water grass — Bracliiara mutica. 

Sudan grass — Sorghum sudancnse. 

Thin Napier grass — Pennisetum purpureum. 

Guinea and Para grass grow best under irrigated conditions and give good 
yields. Napier and Rhodes grass are ndapted to either irrigated or rained condi- 
tions. Sudan grass grows well under rains and tends towards coarseness if grown 
under irrigation. Thin Napier grass is able to withstand drier and lighter condi- 
tions of the soil. 

In the Bombay Province the cultivation of perennial grasses is largely con- 
fined to Government agricultural cattle breeding and dry-stock farms, government 
and private dairy farms, municipal effluent farms, and fnrms under the con'rol of 
Gash alas and Panjrapoles. The cultivation of these grasses 1ms not been taken 
up by individual fanners. If at all it liecomes practicable for individual farmers 
to cultivate perennial grasses, it would of necessity be only possible in the neigh- 
bourhood of cities where green fodder would be in continuous demand for salt 
feeding of livestock or in tracts where cattle breeding and rearing and daily fann- 
ing is the main occupation. 

In Western India no work lias been done so far on selection and improvement 
of cultivated perennial grasses. Much of the work done in the past has mostly 
pertained to simple yield trials, time and methods of planting, application of 
manures, etc. If any work on improvement by selection has been done in other 
provinces of India, it has not been given publicity. The only instance of an 
attempt at selection carried out in a perennial cultivated grass in this country is 
that reported by Narasimbnn lending to the selection of thin Napier grass at the 
Hebbal Farm. This is a selection that has proved suitable for dry and light soil. 

The species of perennial grasses that are generally grown in the different 
t-onionl nor] sub-fron'cnl count ries are mostlv common to each other. In some of 
these coptatry work on election in the cultivated perennial grasses 1ms been under- 
taken. Saunders reports of> crosses made between Sudan grass and Sorglmm at 
Potchcfstroom, S. Africa, from which more leafy, less coarse, high yielding types 
poe^oceing perennial habit have -been selected. In It bodes grass selections from 
welfed progeny resistant to frost and those suitable for summer rainfall areas 
have been made. In Hawaii selection in Sudan grass for high yield and d : s«nsa 
3'Csistance is in progress. Selfcd strains for resistance to leaf spot disease intro- 
duced from Wisconsin hove proved satisfactory. Leoti-Sudan hybrids -‘utroduccd 
from Texas are said to bo more resistant to lenfspot disease. Merker-Napicf 
hybrids have replaced the susceptible varieties of Nngpicr grass of M. Hawaii 
wliieh is affected by cyespat disease. 
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•In the United States of 'America GJenn" Burlon. Inns isolated a -few superior 
strains of Bermuda grass ( Cynodon dactylon or dooh) suitable for south esastera 
regions. Karper and Quinby have bred new varieties of Sudan grass. In breed- 
ing selection has been carried out on bluestem ^ grass . (Andmpogon furcntus) 
by Low and Anderson. These few successful instances show the possibility of 
breeding better strains of perennial cultivated grasses which have been introduced 
into India. One of the lines of improvement that could be adopted with advantage 
in this country is to make ia wide collection of different geographical races of the 
species of perennial cultivated grasses -and to carry out selection among them after 
they become acclimatised in this country. 

Ihere are two principal methods by which a large majority of the cultivated 
grasses are propagated i.e. either by seed or by clones. The -clonal method is 
better adapted to planting limited areas. If extensive areas are to be put under 
the perennial cultivated grasses then sowing seed would be n more practicable 
measure. Propagation by seed is not as certain as by planting rooted slips, 
stumps or sets. The experience of growers over a -number of years in different 
countries would indicate that a crop - raised from seed takes longer to roach its 
maximum yield than the one raised hy planting clones. Since Guinea, Papier and 
Para grasses do well only under irrigation, set or slip planting can easily be 
adopted in their case. Sudan, Rhodes and Thin Napier grasses are best grown 
with seed sown in rows suitably spaced. It is reported that some of the peren- 
nial cultivated grasses fail to set seed in newly introduced places. Therefore, 
if cultivation on a large scale of such grass is envisaged high seeding qualify is an 
important character to he selected for. 

The propagation of selected strains of grasses would depend very largely 
on the availability of their seed. Therefore in the United States of America 
considerable importance is attached to the production of seed of grasses imd 
legumes of reliable quality required in the establishment of new pastures or* in 
the renewal of old ones. The enormity of trade in grass and legume seed would 
be apparent from the following table : — 


Clean seed production and price to growers in United States of America in 1942. 


Kind of Beed. 

Amount produced 
lb. 

Pri o in Dollors 
per 100' lb. r . 

Su ’an grass. 

37,300.000 

2-60 

Rje grass. 

33,300,000 

5 00 

Kentucky grass. 

33,162,000 

6-60 

Doob or Bermuda. 

8,05,000 

• - 

Desped za. 

135,069,000 

5-86 

Austrian Winter pea. 

133,300,000 

5-00 



**■ 


In 1942 United Slates of America produced over 37,000,000 lbs. of seed of Sudan 
grass, 33 million lb. of rye grass and Kentucky blue grass, 865 000 pounds of 
liariali or dooi grass seed. Among seed of legumes it bad produced over 133 
million pounds of gespedo and Austrian Winter pea. Besides these, seed, of im- 
portant clovers, of other forage legumes and grasses were produced to the extent 
of several million pounds. The annual income to the United States of America 
in grass and legume seed trade runs to millions of dollars. This enormous trade 
in seed is necessary for the establishment and maintenance of pastures required 
for the production of beef and dairy cattle. 
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In tliis country trade in seed of cultivated crops, is yet to be organized.' ft 
■would therefore cause ho surprise, if it is stated that trade in seed of forhge 
crops has not been thought of. -If the grasslands of this, country are to be put 
down to better types of grasses and legumes work on .selection of superior types 
of indigenous grasses and legumes should be undertaken pnd when sufficient 
number of selected strains become available then the production and multiplica- 
tion of their seed oh a large scale would have to be organised. 

(b) Improvements in rotational grazing . — Tbc consideration of any improve- 
ments in the practice of rotational grazing is only possible when the method has 
been generally accepted 1 and is practised on a wide scale. , It is, therefore, neces- 
sary to enquire to what extent rotational grazing has come to be ado'ptcd ns a 
permanent measure of grazing in the various provinces of India. Reference to 
literature on the subject would appear to show that this method of crazing has 
not been adopted on a large scale anywhere in India as it has not found much 
favour with the villagers, in any of the provinces. In a few provinces, however, 
this practice has been enforced by the forest departments asi an experimental 
measure. Whether success has attended these measures and helped the -forest 
departments io adopt it on an extensive scale is not known. As far as the Bom- 
bay Province is concerned although rotational grazing 1ms passed both the experi- 
mental nndi demonstrnlional stages, the measure is not popular noth the villagers. 

Improvements in grazing and of grasslands have been discussed in the past 
hut separately by the agricultural, forest, livestock and revenue departments 
of each province. Each of' these departments have considered the matter ns 
affecting them most with tlio result that conflicting suggestions have come out of 
these discussions. It is, therefore, necessary to lay down certain broad prin- 
ciples in regard to grasslands and grazing on which all the departments concerned 
agree and which would he in the best interest of the nation. 

In Bombay Province grazing experiments carried out by the agricultural and 
forest departments over sufficiently long periods havo definitely shown that dete- 
riorated grassland could he rehabilitated by the adoption of rotational grazing 
and they could be maintained in good condition by continuing the grazing practice. 
Propaganda made by tbo forest and agricultural departments for tho general 
adoption of rotational grazing has not met with any success. The villagers arc 
completely averse of introduction of any grazing methods that would affect their 
existing rights of free and unrestricted grazing. Some years back the forest 
department of (he Bombay Province had adopted the practice of levying grazing 
fees on animals allowed to graze in forest grasslands. By this measure it was 
possible to exercise some check, allhough to a limited, extent, on infringement of 
grazing rights. But now grazing has been made free and unrestricted with the 
consequent result of endangering grasslands by exposure to destruction of the 
vegetative cover and soil erosion. Even if grazing is made free, in the interest 
of the villagers themselves end the nation as a whole it would be necessary to stop 
unrestricted grazing. 

There is urgent need to cons J dcr how best to gel the villagers to adopt rota- 
tional grazing if necessary in as s r mple a form as possible. Should methods of 
pa-suasion or enforcement he adopted ? Persuasion has been tried and has failed 
so far. In the interest of national economy the time has conic for the provincial 
governments* to frame rules to protect grasslands in lino with the rules that already 
exist for the protection of forests. This is the first step in the national conserva- 
tion of grasslands. 

Types of grasslands differ according to differences in physiographic, and 
climatic conditions. It is, therefore, not possible for a uniform method of rota- 
tional grazing to he adopted over an entire province. Modifications of (lie method 
LH1TCAB 
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• to auis different conditions would have to bo introduced to suit local conditions. 

• Sggereiyn lias recoimnciided two alternate plans for making better grazing, avail- 
able in open pasture forests. Garland and Dailey have prepared plans to suit 
the somewhat differing conditions in West and Bast Khandesh divisions respec- 
tively. Rotational grazing in forest areas has to fit in with the working plans 
which in its turn is dependent on the nature of the forest. Dailey points out 
that rotational grazing plnimcd for East Khandcsli would not suit the heavy rain-, 
fall district of Kanarn or the coastal district of Kolaha in the Bombay Province. 
Similarly the results of experiments carried out by the agricultural department 
in the dry eastern part of the Poona district receiving scanty rainfall would only 
ho applicable to areas receiving 25 inches or less of rainfall. This would show 
that sufficient information is not yet available as to the method of rotational 
grazing suited to heavy and/ moderately heavy rainfall tracts or to grazing on 
hills as compared to grazing on plains. Information on these aspects would be 
necessary if rotational grazing is required to bo enforced for adoption in nil the 
villages. 

An important aspect of rotational grazing on which information based on 
experimental data is lacking, is that of carrying capacity of grasslands. In tliu 
Bombay Provinco an arbitrary figure of two acres lias been fixed ns the area of 
grassland required per head of cattle. If two acres nro sufficient for grazing 
in the moderate rainfall area, they would he insufficient for the drier regions in 
which the majority of the grasslands are heavily eroded and support scanty 
vegetation. Likewise two acres would be more than what is required per animal 
in the heavy rainfall tract where luxuriont growth of grass is available. Unless 
exact data on carrying capacity of grasslands is available for the different types 
of grasslands, the number of cattle tknt could be permitted to graze on encli type 
cannot be determined. Whether a grassland is being over or understocks cannot 
be estimated without experimental data on the carrying capacity of grasslands. 

.The immediate requirements in improving grasslands arc (1) the adoption 
of rotational grazing on more extensive scale, ,(2) the divising of suitable methods 
of rotational grazing for the different types of grasslands and (3) the determi- 
nation of the carrying capacity of grasslands. Unless these steps are taken any 
consideration of improvement in rotntionnl grazing is .premature. 

(c) Exploration of new fodder crops in addition to improving existing ones- 
—In exploring for new fodder crops greatest success would possibly be obtained 
from introduction of new types. Tim United States of America, Great Britain, 
the Union of Soviet Socialist Republics, New Zealand, Australia and Canada 
are some of the countries which have benefited considerably from tlm introduc- 
tion of foreign species of forage plants and which to-day occupy an important 
- place in tho fodder production of these countries. So far ns India is concern- 
ed no serious attempt 1ms been made at systematic introduction, trial and accli- 
matization of exotic fodder plants. Hlany of tho perennial cultivated, giyr-ses 
grown at present were introductions of a few decades hack and these have be- 
come well acclimatized and are' an important source of perennial fodder. Ore 
of the recent introductions that has proved successful is that of Giant African 
Star Grass (Cgnodon plccloslachyum). Thus there appears to be sufficient scone 
left for further introduction of now species. 

Sir William Jenkins on his return from a visit to the United Siatcs of America 
-brought seeds of a large number of fodder grasses, legumes and. dwarf iownr« 
•Tnal plantings of these at Poona has shown that some of the grasses and legume* 
may get aeelimntteod and prove as suitable introduction into this Province.'' The 
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trials on these grasses show- that they are not suitable for either the heavy rain- 
fall or the dry precarious rainfall tracts. They have done well in the medium 
and low rainfall tracts of Bolgaum and Poona respectively. A good distribution 
of rainfall helps in- establishing them well. The following is a list of grasses 
and legumes that give promise of doing well. 

Grasses — 

Blu.e Panic grass — Panicim aulidoiale. 

Weeping Love grass— Eragrostis curvula. 

Boer Love grass — Eragrostis chloretnelas. 

Lehmann Love guass — Eragrostis Lehmanvium. 

Veldt Love grass — Eragrostis superha. 

Bine grama — 27 oiileloua gracilis. 

Switch grass — Pmiicuni wrgalwm. 

Common Bahia— Paspahm notahm. 

Legumes — 

Tropical kurnlzu — Pucraria phasiolfiides, 

I-icgnmc for high rainfall — Centrosema pubesens. 

Hnbam Sweet clover — Mclilotus annua. 

The success of an introduced species will depend on its seeding ability. 
Among the many that have shown good growth only few seed satisfactorily. 
Again some of the species do not produce any seed in the first year of their intro- 
duction hut seed well in the next season. 

Before the success or failure of introduced species is judged it would be 
necessary to lest them in different places to determine their zonal adaptability. 
Thus ft species unsuccessful in one zone may prove useful in another. 

In planning trials of introduced species it would be desirable if mntcrinl is 
obtained from those countries which have the same or nearly the same physio- 
graphic and climatic conditions of the country or the province in which the trials 
nre to be conducted. 

The following is a list of species which it would be worth introducing ns they 
' have done weH in other sub-tropical and tropical regions : — 

Panicmn colaraium. 

Paspahm malocophyllnm. 

Pcsmoditnn camim. 

Judigofera cndccapltylla. 

Lotus angiiisiissimns. 

Bur clover. 

Black medic. 

Indian yellow sweet clover. 

The Australian Government have recently deputed one of their, scientists to 
accompany an American expedition to South America for the collection of wild 
varieties of Arnchis (groundnut) which may prove of importance and also for 
.collection of suitable pastures grasses and legumes. There are many parts of the 
iropies and the sub-tropics of the world which remain unexplored. Organization 
of expedition to these may hell) in the collection of valuable fodder plants 
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Subjeci No. G. — Fodder production in India — Note by K. C. Sen and S. C. Hay, 
! Indian Dairy Research Institute, Bangalore. 

1. odder grasses which arc produced in tl.io country by cultivation ore 
usually the imported ones. The more important anongst them arc, (1) Napier 
grass ( Pennisctum purpercum), (ii) Guinea grass ( Panictnn maximum), (iii) 
Rhodes grass ( Ghloris gay an a) and (iv) Sudan grass (Andropogon sorghum, vnr, 
eudanensi*). Since in practice, the ertidc protein, lime and phosphate contents 
generally decide the quality of a green fodder, it -would be of interest to consider 
the average amount of these constituents in the above cultivated fodder grasses. 
The samples for analysis were taken at the inflor&Cccnt stage wljcn (lip plants are 
considered most suitable for cutting as green fodder. 

TABLE I. 

Composition of cultivated fodder grasses in India. 


Percentage, on (liy basis 


Same 

Ci ndt* 
protein 

Lime 

(CaO) 

Phosphate 

(P20.">) 

Napier 




iV35 

IMG 

0-80 

Guinea 



. . 

7-97 

1-023 

0-34 

Rhodes 



• • , , 



0-23 

Sudan 

• • • • 

t • 

• « • • 

.">•08 

M!) 

1-33 


The figures, in table I show that in protein content, Rhodes grass tops the list 
and is fairly closely followed by Guinea grass. In Napier and Sudan grass, the 
protein value is about the same and approximately 40 per cent, lower llinn tlinl of 
Rhodes. The lime content of Guinea and Sudan grass is quite high and half time 
ns much ns thnt of Napier and Rhodes*. For a green fodder, the lime value in the 
latter grasses is rather low. Sudan grass is rich in phosphate. A fairly good pro- 
vision of this constituent is also seen in Napier. In Guinea grass, however, the 
phosphate value is just on the border line of adequacy, wlierens in Rhodes it is 
definitely low. Taken all the constituents together, Guinea grass seems to com- 
mend itself ns the most desirable type for selection. 

While the distribution of protein, lime and phosphate is considered the crite- 
rion for selection, researches carried out in recent years by the authors at Jxat- 
nagar linvc shown that these grass fodders contain oxalate salts ; Napier and 
Guinea grass particularly contain these in fairly large amounts. Total oxalate 
content (expressed on dry basis as percentage of anhydrous oxalic acid) in the 
grasses is given in table II. 

TABLE rr. 


Oxalate content in cultivated fodder grasses. 

Name 

%anhydrous 
oxalic acid j 

Relative distri- 
bution 

Napier 

Guinea .. .. 

* h ° des ; 

Sudan 

- 1 * • •• •• 

1 

3-30 

2-00 

0-25 

0-23 

100 

60 

8 

7 
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It is evident from tlie data in table II that compared to Napier grass, Rhodes 
and) Sudan 'grass contain negligible amount of oxalic acid and Guinea grass con- 
tains about GO per cent, of that of Napier. The present of large amount of 
oxalates in a fodder (Paddy straw) low in calcium have been 
found to dxerf deleterious influence in the assimilation of calcium and 
to produce undesirable clinical symptoms. Oxalic acidim Napier and Guinea 
grass occurs almost to the same extent as in some varieties of paddy straw and 
although no experimental evidence lias yet been collected, it is likely that the 
same physiological disturbances ns are seen in paddy straw feeding, may be 
produced when these fodders are fed in large amount. There is, however, one 
compensating aspect with Guinea grass ; its lime content being fairly high (being 
2 to 3 times more than cither Napier grass or paddy straw) and oxalic acid con- 
tent being lower, the deleterious influence of the latter may not be very marked. 
Some experimental evidence should, however, he gathered to substantiate this 
statement. In view of the fact that oxalates in fodder i.-. susceptible to microbial 
destruction, a safer way of utilization of these fodders would be by ensilage pre- 
paratory to feeding. 

Napier grass is now known to give the heaviest yield. In a controlled ex- 
periment canned out at Izninngnr, the relative proportion of yield nt inflore- 
scence stage was 6:4:2 for Napier, Guinea and Rhodes grass. When, however, 
gross and digestible nutrients are taken into account, inspito of its heavier yield, 
Napier is found to supply only almost as much nutrient ns Guinea per acre of the 
crop. 

From the practical stand poinl of crop husbandry, another aspect, namely, 
the extent to which the amount of the nutrients would fall with progiessive matu- 
rity, deserves attention in the selection of these grasses. In table TIT arc shown 
the protein contents of Napier and Guinen giriss at diffeioni stages of maturity 
which speak for themselves. Apart from an early lowering of the protein con- 
tent, Napier grass becomes thick stemmed and course too soon, and it should be 
considered much inferior to Guinea grass ns a fod ’it for milch entile. 

TABLE III. 


Pi olein content of fodder grasses on progress maturity. 


iSlngo 


Prime 
In flower 
In seed 


Napier 


<>•35 

3-75 

2-30 


Guinea 


7-50 

4-70 

3-50 


LnLcly, attention has been focussed on the possibility of cultivating some of 
the indigenous grasses in the barani waste land. In this connection, the report by 
Ilussnin* (1016) of results of a 4-year trial of comparative yield of five indi- 
genous grasses, ri-., Jenowah (Andropogon ischamum). Golden crown ( Paspahim 
dilatation), Ivolukatlni ( Pcnnisetum ceuchroidcs), Bhanjura ( Apluda varia) and 
Surwnln ( Amlro pagan contort its) and three cultivated grn»sc», vie., Napier, 
Guinea and Rhodes are of interest. In so far as the yield is concerned, the culti- 
vated grasses like Napier and Guinea excel the indigenous species. But when 
viewed from such consideration ns (a) cost, labour and organisation involved in 
the production (b) the. number of effective channel of disposal, indigenous species 
may prove to possess special advantages in the future progi amme of fodder pro- 
duction in barani lands. 


* Production of fodder grasses in India ’ by M. F. Hussain (3046), Indian 
Fanning, 7, 176. 
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lu selecting the suitable graces for propagation considerable amount o£ agro- 
nomical research has yet to be made to decide (a) the regional suitability of 
species (b) relative response to fertilization nnd cultural improvement and (e).uic 
duration of stand and susceptibilities to extraneous environmental conditions, such 
as, drought, excessive rain, etc. 

11. Grass land in the Western sense is almost non-existent in India. The 
available grazing is essentially confined to the so-called ivaste lands. In the forest- 
area, about 80,000 square miles are open to grazing, but the number of animals 
which actually take advantage of forest gi'fizing is only a small traction of the total 
population. The remoteness of forest grass lands from the human habitation, is 
a serious obstacle for the utilization of a vast source of fodder. Any extensive 
use of ent grasses from the interior of the forest area is also precluded by trans- 
port difficulties. In view, however, of the acute shortage in fodder supply, every 
effort should be made to mobilise this source. Necessary roads may be construct- 
ed and an organization may be set up by the Government to cut this grass and 
turn it into hay to facilitate conveyance to the consuming centres. 

Although forest grazing does not provide for a larger number of pnimals, nn 
intensive grazing, however, occurs in certain areas and in the outer fringes pf most 
of the forest belt. As a result of indiscriminate and over-grazing, the vegetation 
is ruined leading to considerable erosion of the soil and barrenness of the tracts. 
Similar observations have been made on the effect of over-grazing in the Indian 
plains. Plans of reclamation of the eroded area are now being actively considered. 
But in order to obtain quick results, legislative measures for controlled grazing 
is called forth for immediate adoption. The control on over-grazing lias to be 
based on scientific principles of grassland management. -The topography, the type 
of soil, local climate, the nature and distribution of grass species, etc., should 
largely decide the carrying capacity of an area for a definite period. As soon as 
the period is over, the stock should be withdrawn and turned into a fresh area. 
The units should be clearly demarcated nnd suitably fenced off. The success of 
this rotational system of grazing will largely depend on strict supervision, know- 
ledge and sense of value on the part of stock keeper's themselves. 

While the introduction of the control is an immediate necessity, agrostologies 1 
investigation should simultaneously be. taken up to f-tndy the grass species, their 
distribution, physiology of growth and maturity, tenacity of establishment, yield 
and chemical composition. These investigations will offer valuable information 
in laying the future lines of grassland improvement, particularly in the propa- 
gation of the desirable species nnd eradicating the undesirables. Such investiga- 
tions, in limited measures, have already been token up in the provinces and in 
the centre both independently and under the auspices of the Indian Council of 
Agricultural Eesearch. The results obtained are not yet sufficiently comprehen- 
sive for and detailed discussion at (his stage. Dale are, however, available which 
go to show that : — 

. f 0 -) Compared to perennial, the annual grasses generally reach maturity 
quicker and are more susceptible to abnormal changes in the environmental condi- 
tions. Although some of the animals are fairly heavy yielders, the accelerated 
vegetative growth make them more fibrous and poorer in nutritive constituents. 

. Based on prolonged period of vegetative life and chemical composition, 

indigenous perennial grasses, such ns, Anjau or Kolukattai (PennUettm cen- 
chrotdes), Pahyan or Zinzo (Andropogon annulatus), Choti jargi (JJotftrioehloa. 
pertusa), Musel ( Isdlima laxum), Murjbana ( Eremapogon faveolatus ), Soria 
( Curysopogon njontanua) and Dhub ( Gynodou dach/lon) are suitable for selection 
and reseeding. 
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There ie one aspect of grass farming to which attention must be drawn. Most 
of the indigenous grasses become very fibrous and lose much of their nutrients if 
they arc harvested Into and made into hay. Apart from earlier’ harvesting, the 
possibility of growing some kind of leguminous crop along with the grass so a9 
to produce a mixed hay which. will have a higher protein value should he consider- 
ed. In some area, npmely in the banks of ponds and tank beds, it has been possible 
to grow Cynodon doefylon and Mitti knlai ( phascolus muiiye) together in certain 
seasons which provide highly nutritious fodder for milch cattle. The so-called 
meadow hay in United Kingdom contains n good proportion of clover, while in 
United States of America, rt mixed hay containing alfalfa is common, 

III. Existing fodder crops other than grasses which have proved important 
are : — 

Legume. 

(a) Berscem. 

(b) Lucerne. 

(c) Cowpea. 

At present the quantity of fodder crops produced is very low. Where the number 
of cattle per acre of cultivated fodder crop should he 2 to 3, there are anything 
between 9 to 320 in the provinces other than the Punjab and Bombay. Appa- 
rently. considerable effort is called for to improve the qu.uititath • production. 
The increase in production can bo achieved by improving the method-, of agricul- 
ture, such as, application of fertilisers and manures, introduction of suitable crop 
rotation and cultural methods, evolving better yielding and specific fodder strains, 
etc. In this connection, the breeding of suitable varieties of fodder Jowar and 
Mai/o should lie considered. The major quantity of fodder production, however, 
will require extra allocation of land for the purpose ami this can come (a) at Hip 
expense of acreage now devoted for food and. non-food cash crop and (b) h.v 
bringing additional land under cultivation. 

While the improvement of quantitative and qualitative production of existing 
fodder crop is an urgent necessity, efforts should nlso lie directed to ex-plorc the 
possibility of introducing new fodder crops which may lie indigenous or imported 
from abroad. Most of our non-legume fodder crops are low in protein. In recent 
years, an Australian plant, Kale ( Jirossicu olercca, var. acepbaln) Inis found 
favour in United Kingdom as a high protein (about 11 per cent.) fodder crop. 
It would he desirable to find out if Kale could be grown in India ias a Rabi crop. 
Mention may also be made of Giant Star grass ( Cynodon Plccioslachyum) recom- 
mended by Pen* (1942). The work at Izntnagar has shown that even at a fairly 
mature stage, the hay prepared from this grass is palatable and quite nutritious. 
Investigation lms also been earned out to study the composition and nutritive value 
of tree leaves with a view to using these as fodders. The results collected so far 
show that leaves of several species of tree, vi:„ Ncem (A cadi relit a indica), Pipal 
( Fiats rcligionu), Pnkcr (Ficm hifcctoria), Wild Bcr ( ZisypJnts juju (mi), 
ShisUnm ( Dalberyia sisso), .Taman ( Eugenia jumbolcna), Aaiu (Manycfcnts 
indicu), Imli ( Tamnrindus iudica) and Bans (Bamboosae indica ), arc fairly rich 
in nutrients. The composition of some almost resembles that of leguminous forage. 
Later works have, however, shown Ibnl incite of richness in nutrients, Hie digesti- 
bility of tree leaves is generally low mid as sueli their intrinsic food value is not 
in any way higher than the usual non -leguminous fodder-*. The excessive distri- 
bution of lime over phosphate, low digestibility of protein, llie presence in some 


‘Ren, T.. (1942). Indian Fmg., 3, 421. 
For official use onhi. 


Non-lcgumc. 

(a) Maize. 

(b) Jowar. 
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species of abnormal quantity of oxalic neicl anti above all, the relatively lower 
palatibility than the ordinary fodders are factors which may stand against the 
extensive use of tree leaves in eattle feeding. 

In nddition to the above, recent reports suggest lliat Uln ( Impemtn toitndc- 
vacea) grass and the aquatic grass Dal ( Uymenchne pseudo-uitcrrupia) in Assam 
may be of considerable value as fodder. The Physiological Chemist in A'-sam has 
obtained good quality hay from these grasses. 


* Subject No. 6. — Methods to increase the fodder production 

In India a constant supply of good food for cattle is of the lirsl importance. 
The facts regarding the habitat, life history, chemical composition and the feeding 
value of the grasses must be ascertained. Grass improvement stations to carry 
out fundamental rescaichca with llic agronomic and other characteristics of grass- 
legume in relation to yield nutrients, must be started. 

Real success in fodder growing depends very largely on a knowledge of 
morphology and physiology of the plants which lead-, to the etdujlion^of suitable 
types for d : ff crept soils. 

The fodder production can be increased by — 

(1) A systematic survey should be undertaken jmd promising grasses 

collected from different parts. These grasses miv*t be tested in all 
the stations and suitable ones have to be selected from the promis- 
ing ones. 

(2) A detailed' study of the selected types should be made for their \nvi- 

abilitv, yield, drought resistance, disease lesistance, etc. 

(3) Selection of desirable types for high yield and nutritive value must 

be done by breeding methods .as in crops. 

(4) Study of grasses in mixtures for determining the best types for pas- 

tures. 

(5) Selection of suitable indigenous wild legumes to be grown mi\ed with 

grasses for increasing feeding value. 

(0) Collection and trial of exotic legumes and fodder gias^e®. 

(7) As yet there exists no organization for collection and sale of seeds of 
wild fodder plants. Seeds and slips of promising aud tried ones 
should be supplied to enterprising ryots for popularising and giving 
wider publicity. 


Madras Agricultural Department, 
1 077# December 1947. 


S. N. CILANDRASEKIIARAN, 
Systematic and Lecturing Botanist. 
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GRAZING PROBLEMS IN THE SUB-MARGINAL LANDS 

by 

Shri J. Banerji, IF.S. — Project Officer, Soil Conscr. at '.- « aril Afforestation , 
Central Waterpower, Irrigation and Navigation Commission. 

“ Summary : Figures are quoted to show that there is an over-all shortage of 
246 per cent, in the annual availability of concentrates for cattle in India. 
Similar shortage of production in roughage is 40.69 mill, tons, or about 28.5 
per cent of the present availability. • The quickest way of increasing more 
roughage for the cattle seems to be a proper management of sub-marginal lands, 
which are defined, for production of fodder ; this is also 1'kcly to reduce bo ( h 
sheet and gully erosion as well. The respective responsibilities of the Indian 
Parliament find the State Legislatures are analysed in respect of laiuLuse leg's- 
lation, quoting (he position- in the U.S.A. ; us soil conservation is a matter of 
national interest, the responsibility of the Indian Parliament is very clear under 
the Draft Constitution of Lidia, 1948. Land-use classes by slopes are suggest- 
ed as a rough guide, for reserving 0 to 15 per cent, slopes for agricuPure, 16 to 
30 per cent, for grazing, and above 30 per cent, for forests. Four methods ■>£ 
improving sub-marginal lands aits broadly referred to, which will, not only in- 
crease availability of fodder, but also reduce soil erosion, at present rampant in 
the country. — Author 

Improvement . in the quality and health of live-stock in India is ndra'tled'y 
essential for the agricultural prosperity of the country. On the eapac'ty of 
plough-cattle depends the efficiency of cultivation. About 840 million toil of 
cattle manure', (green) is produced annually by Indian cattle, out of which about 
33 per cent, or 280 million tons is estimated to be ava : lable for use as (green) 
farm yard manure, or roughly 1 ton per acre of cultivated land, the rest is ci'hor 
lost or burnt as fuel. Faimyard manure when it is not burnt, bu f used m the 
fields, adds to the increased fertility of the soil lending to an increased produc- 
tion of food crops. In improving the nutritive diet of the people an increase in 
the consumption- of milk is the first step. In India roughly about 6.42 oz. of 
milk is produced per day per bend of population while 8 oz. is the opthnum. 
Generally speaking, therefore, on the health and qunlity of the cattle depends 
the health and prosperity of the Indian agricultural community. 

2. In 1920 the first all-India census of live-stock was undertaken. Since 
then five-yearly census figures are available. Table I shows the variat’on of live- 
stock in India since 1925. 

TABLE I. 


Province Number of cattle and buffaloes 

(in ’000s) 






1925 

1930 

1935 

1940 

Asiam . . 




5,786 

5,662 

5,982 

6,496 

Bengal . . 




25,492 

25,402 

25,287 


Bihar . . 




20,728 

21,308 

21,308 

15,456 

Orissa . . 




• . 

, , 

. . 

4.803 

Bombay 




8,481 

9.416 

0.961 

9.734 

Sind 


• • 


2,327 

2,379 

2,635 

2,376 

C. P. & Borar 


• e 


11.671 

14,:<78 

1*1,844 

13,279 

Madras .« 




22,111 

22,441 

24,607 

' 22.119 

Punjab .. 




15,232 

14,293 

15,841 

15,414 

United Provinces 




31.046 

31,460 

32,460 


N. W. Province . . 



• • 

1,091 

1,024 

1,038 


Total (Br. India cxoli ding minor aon-.inistrntions) 

144,705 

14S.36I 

163,745 

147,424 


Lll.I Alt 
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3. Tie figures are incomplete in respect of some provinces and there are 
considerable errors ojt enumeration ; no definite conclusions are therefore possible ; 
but the table shows the general tendency ol‘ an increase in number, between 1SX25 
and 1935 and a decrease later during the 30’s, when there was an agricultural 
slump. It may be assumed that the present number of live-stock in India is 
roughly 150,000,000 (including Pakistan). 

4. In 1537, Dr. N. C. Wright examined the question of the improvement in 
the live-stock in India ; before him the problem was thoroughly examined by the 
Royal Commission on Agriculture in 1928. The first aetion proposed by both 
was an improvement in the present methods of breeding by providing an adequate 
number of bulls of improved variety. 


5. The question of appropriate and adequate feeding is admittedly more im- 
portant than even breeding,— for deterioration occurs even in improved breeds 
.vitJjout adequate feeding. Dr. Burns analyses the relative importance of differ- 
ent methods of increasing milk production as follows : — -Feeding 30 per cent. ; 
Breeding 35 per cent. ; Management 15 per cent. ; and disease control 15 per cent 
Assuming that the average live weight of cattle is 600 lbs., the daily requirements 
of dry matter per head will he about 13.75 lbs., out of which at least 0.75 lbs. per 
bead p« day should ho provided in the, form of concentrates, aud the rest in the 
form of roughages. The total annual production of concentrates {e.g. seeds oil 
cakes, bran, and pollard) in India is 'estimated to be 3.7 million tons, while* the 
estimated annual requirement is 12.8 million tons, leaving an annual deficiency 
of 5.1 m-'IIion tons or about 246 per cent, of the annual production. This figure, 
though not accurate, shows the magnitude of the problem to be faced if the existing 
live-stock population hag to be properly fed. 


6. The deficiency is equally serious in the supply of roughages. Table II 
shows the deficiency of roughages calculated by Dr. Burns by regions. His Region 
I consists of areas with rainfall over 70" and coinpr'ses .the whole of Bengal, 
Assam, and Coorg, and the western, coastal strips of Madras and Bombay- His 
tegiou II 1ms a rainfall of 30i" — 70"' and includes the whole of Bibar, Orissa, 
( entrnj Provinces and United Provinces, and portions of Madras and Bombay! 
FWn f°Tvr lS t s than 3Cr of rainfall, and it covers the wlio’e of the 

nn^ 0rfh ^ estC e I1 1 il V ? ntier 1 rovineP > Sind > Baluchistan, Ajmer-Mcnvarn and 
Delhi, and portions of Madras and Bombay. 


TABLE IL 


Itegion 

1 

Total 

liorine 

adulta 

(million) 

2 

lio-i : 

;ln»cs p oduo-d a mu illy 

Bough- 
apes re- 
quired 

annually 
in nr'llion 
tons dry 

7 

j Deficiency 

1 

Special 

fodder 

crops 

Mi io i tons 
dry) 

3 

! 

Straws 

(Million 

tons 

dry) 

4 

Grasses 

(Million 

tons 

dry) 

6 

Total 
(Million 
tons dry 

6 

In million 
tom dry 

8 

Percentage 

of 

Col 0 upon 
Col. 7. 

» 

9 

I 

25-8 

o-ei 

i 18-1 

13-85 

30-80 

40-24 

-15-38 

67 

II 

* 81*6 

5-84 

48-3 

41-21 

05-35 

130-20 

-34-91 

74 

m 

ie-6 

12-78 

22-8 

12-68 

48-2 6 

47-00 

+ 0-60 

I0S 

Total 

ice- e. 

19-63 

87-2 

i 

07-74 

174-47 

221-16 

-49-60 

73 
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It will be noticed that of the total deficiency of »\bout .49.09 million Ions, it if 
very heavy in Region II, heavy in Region I, and Nil in Region III, or very dry 
areas, which now mostly form part of Pakistan. All proposals for land utiliza 
tion should therefore take info consideration this heavy deficit of roughage ir 
almost every region of India. It is necessary either to produce an additional 
49.69 millioij tons of roughages, which is 2S.5 per cent, of the total availability 
of roughages, or no improvement of the condition of the existing number of live- 
stock is possible. 

7. Special fodder crops contribute nbout 11.2 per cent, of the total annual 
availability of roughages. About 10.(1 million acres were sown with fodder crop? 
in 1942-43 out of which about 5.2 million acres was in Punjab & Sind, 2.6 ic 
Bombay, 1.6 in the U.P., and tbo rest over other provinces in India. The total 
net area sown was about 215.9 million acres. Extensive production of such special 
fodder crops was, however, confined to regions that have since been transferred tc 
Pakistan. (Russell ill 1937 calculated that of the total area sown, about 16.1 
7.6, 3.2 & 1.7 per cent, was under fodder crops in the Punjnb, Bombay, United 
Provinces; and Central Provinces, respectively). Any largo increase in production 
by increase of nrca under fodder crops is therefore likely to be slow. Bnt atlcmpfe 
must be continued, without infringing upon the period and area of production 
of agricultural crops, to get as much special fodder crops ns is possible, sui'nblt 
for the climate and soil, of the regions. In the case of straw, however, with ar. 
increase in area under food crops such as rice, wheat, nnd millets due to the presort 
drive in “grow more food " enmpnign, there is likely to bo a pnrcllcl increase in 
the availability of roughages from straw, which is responsible for almost exactly 
50 per cent, of the total supply. 

8. Grass contributes the next important quota {about 38.8 per cent.) of 
roughages, and any slight, percentaee improvement, in the yield of grass will add 
considerably to the total nvailali'lity of roughages. Grazing nrens supplying 
grasses fall uhder two main groups : Forests, and cultivable waste. Table III 
below, according to Sir C. G. TREVOR in 1937, shows that *' Forests arc oti’y or 
minor importance, as grazing grounds ; for, only about 10 per cent, of the cattle 
of the five Provinces possessing large areas of foreign had access to forest grazing. 
As large areas in Reserve Forests arc inaccessible, the intensity of gins’ ug showr 
in Col. 5 of Table III tends to indicate n better situation tlvm what it actually it 
in the nearby accessible, and intensity grazed localities. Intensities of grazing 
on an area can he said to vary inversely as the distance of the aren from (he 
nearest cattle-pen. It is therefore twice ns heavy on nn area situated at half tl* 
distance of nuother area. 

TABLE III. 


Forest Craiiag | Non-Foml Oming 


l’Jrorincr, 

Area of 
Forest 

(St). 

tulles) 

Area of 
forosta 
Open to 
grazing 
(nq. 
rmI"B 

Live 
stock 
utilizing* 
forest 
nrenji (in 
millions) 

Intensity 
of pr.izing 
(acres/ 
head) 

Live- 

stock 

(in 

millions) 

Area 
avail- 
able (Stj. 
mites) 

Intensity 

of 

grazing 

(Acres/ 

bend) 

Prilled Provinces 

0,000 

4.000 

1-3 

g 

42 

31.000 

0-47 

Madras . . 

10,000 

14.000 

2-2 

4 

41-3 

01,000 

0-79 

Puninb 

r.,soo 

4.100 

2-1 

l-r.t 

23 

22,000 

1-17 

Coni rnl Provinces 

1 M.400 

1 7,000 

3-1 

3-fi 

13-1 

80,000 

1-40 

Pomlmy 

Id, 000 

12,400 

2-1 

3'25 

lie 

_ 


2’ 12 

Total 

00,000 

02,100 

li '8 

2-8 

130-0 

Dt'000 

0 05 


• ('Intensity of graelng in doiix.od liy the nren in orirs nvnilrbl'i for grazing per head of Uvcstoifc popnli* 
(iota. 
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&. Forest grazing is_ under the control of tile Forest Departments of the d. lifer- 
ent Provinces, and is generally rcgulnted by the issue of grazing licenses, at n 
nominal annual fee, for grazing in blocks in Reserved Forests. Where tbe control 
of certain easily accessible forests has been handed over to ft “ panchayat ”, there 
has been unrestricted grazing, and consequent deterioration of the aTea as a poten- 
tial source of fodder and fuel supply. Sheet and gully erosion lias been noticed 
extensively over snch overgrazed panchayat forests. The fertile top soil has been 
removed, which makes it more difficult to improve the present conditions of the 
growing stock of both trees and fodder grasses. 

10. It is, however, in areas outside the reserve forests, nnd s'tuatcd between 
them and the intensively cultivated agricultural lands that one mint search f r r this 
potential source of increased supply of fodder. These are broadly called “ culti- 
vable waste” or ‘ * submnrginnl lands”, which it is uneconomical to bring under 
plough under normal conditions of agricultural prices. Portions of these lands are 
cultivated for a year or two when the agricultural prices are high, or the intensive 
drive of the Government under "grow more food campaign ” attracts the culti- 
vator to Take an additional amount of tronble to bring sub-marginal lands under 
cultivation. Such Innds, generally revert fo their original status of " cnlt'vnbte 
■waste ” after a few years. The concept of “ sub-marginal ” lands includes lands 
that, if cultivated, would make erosion practically uncontrollable, unless costly 
anti-erosional measures are first applied on them. 

11. According to the Agricultural Statistics of British India 1 042-43, there 
are about 91.889.000 acres, of uncultivated land excluding current, fallows, which 
are generally used as grazing ground. Table IV shows the classification of area 
in India. 


TABLE IV, 

Clarification of area in India by laud mes. 


f-'erinf 

No. 

Classification 

Arm 

(1,000 

acres) 

Percent- 
ace or 
total 


Area Ly professional Bnrvoy . . , , , , , , 

514,104 

100 


Area according to village papers 

513,277 

• * 

1 

Area under forests 

C8.I53 

13 '2 

2 

Arm not available for cultivation . . . , . . 

90,580 

17-6 

3 

Other uncultivated land excluding current fallows . . 

91,889 

17-9 

4 

Fallow land 

45,882 

$•9 

r> 

Net area sown . , . . , , . . 

215,928 

42-0 

6 

Irrigated urea 

55,734 

10-8 


12. Not only for the increased production of fodder, which itself is a sufficient- 
ly irrpnrfnnf justification, but also from the standpoint of soil conservation, these 
sub-marginal lands require immediate attention. Uncontrolled grazing and un- 
checked cuffing of timber from these lands is a serious matter because tbe mis- 
chief is- not immediately obvious, A rftMial inspection of some of these "wns-'e ” 
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lauds will show frequent occurrence of sheet and gully erosion in varying degrees 
of intensity. In some oases the gullies have become deep ravines. The regions 
that require immediate attention enn be roughly enumerated aa follows : — 

(1) Narbada Valley between lloehangabad and Jubbulpore. Roughly an 

area of about 200 square miles of good blaek-cotton soil has boon 
broken up into deep ravines due to denudation, excessive grazing, 
and absence of any soil conscrvational methods ill the systems of 
agriculture. 

(2) Arens in the Chambal and the Jumna basins where ravine erosion is 

frequent. 

(3) Undulating districts in western Bengal where sheet erosion is common 

due to excessive grazing and denudation. 

(4) The ‘problem’ districts of Bombay, such as sholapur, Bijnpur, and 

Dliarwar where sheet erosion is abundant. 

(5) The upper regions of the Mabanadi Valley in the Central Provinces. 

{(>) The Ceded Districts of Madras. 

(7) Steep slopes of the Himalayan valleys in the Koai catchment area in 
Nepal. 

13. While the forest lands under the control of the Forest Departments a~e 
being carefully conserved by technically trained men of the Forest Departments 
in the different Provinces, and the agricultural lands nre bong looked after by 
the agriculturists themselves with the advice of the Agricultural Department, 
there is no authority to think about and to take charge of these sub-mrrginal 
lands which arc deteriorating rapidly. In a comprehensive plan for land-utilisa- 
tion in India an appropriate system of management for these lands assumes great 
importance due, firstly, to the possibility of an increase of fodder and fuel from 
these lands, and secondly, to the necessity for control of rampant soil erosion wh ch 
is constantly destroying our national wealth in lands. The direct effect of this 
excessive accelerated erosion is loss of fertility of the agricultural soil, waste of 
runoff in high floods, silting of river channels, frequency of high floods, meander- 
ing of river channels, increasing height of high floods, and increase of drought. 

14. Under item 32 of Li°t I of the 7th Schedule of the Draft Constitution of 
India (1.048), slipping and navigation on In’and Waterways, declared by Parlia- 
ment, by law, to he national waterways, as regards mechanically propelled 
vessels, is in the Union list ; /.<?., the Indian Parliament under Section 217 bns 
exclusive power to make luws with respect to this item. Similarly, under item 
74 of List I of the 7th Schedule of the Draft Constitution of Ind'a (1948) the 
development of inter-Stale waterways for purposes of flood control, irriga’ion, 
navigation and hydro-electric power is also an Union item. Though wntar. agri- 
culture, lands, and forests are included in items 20, 21, 24 and 27 of List II 
(State List) of the 7th Schedule of the Draft Constitution of India, (1948.) 
under Section 226 of the Draft Constitution of India, (1948), the Parliament 
has power to legislate with respect to a matter in the State List in flic national 
interest. Conservation of soil is a mntter of national interest and has beon ad- 
mitted to ho such in the United States of America in the Federal Programme of 
agricultural adjustment. It is therefore desirable that tho Union Government 
of Inflin gives a lead to the Stales in respect of legislation on conservation of 
soil in nil lands, including focal points of erosion in sub-inargmil lands. This 
notion is likely to inorenso production of furl and foddnr for the villagers, as its 
direct result. 
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35 The history of soil conservation operations in the United States of 
America, pioneer in this field, would perhaps be relevant for pur purposes. The 
Congress of the United States of America, in an Act approved m April 1935, 
directed tlid Secretary of Agriculture to establish a Soil Conservation Semen 
in tlio Department of Agriculture, to conduct a comprehensive national programmo 
of control of soil erosion. Under this statute the Soil Conservation Service opened 
and operated hundreds of demonstration areas in many States, directed llie work 
of Civilian Conservation Corps, camps, and conducted co-operative croBion-conlrol 
studies at many agricultural experiment stations. It wob soon realised, however, 
that the problem of erosion could not be solved adequately by work in irelntcd. 
areas alone, and immediate necessity was felt for State Legislation by wh'ch the 
farmers could organise themselves for co-operative action, to apply on their land} 
the erosion-control practice that they observed on the demonstration projects of 
the Soil Conservation Service. Accordingly the Congress authorised the Secretary 
of Agriculture to require the adoption of suitable state legislation ns a co edition 
of his spending federal money in any Slate for erosion-control work. Under this 
provision the Department of Agriculture prepared the State Soil Conservation 
Districts Law, which President Roosevelt recommended to the 48 State Governors 
for submission to their respective State Legislature in 1937. Immediately, in 23 
States legislation was adopted more or less along the lines of the’ standard Act. 
However, in Monlimna, Minnesota, North Dnkota, and Nebraska the Acts, ns 
adopted by their Stnte Legislatures, do not make adequate provision for enforce- 
ment of land-use regulations. In order to avoid the pitfalls encountered in the 
United Slates of America, it would be desirable to have the Indian Parl : amcnt 
consider from the outset the desirability of having uniform States legislation in 
the different Provinces for anti-crosional and lnnd improvement measures. 

• 16. Appropriate State legislation in all Provinces on the lines of Bombay 
Land Improvement Schemes Act, 1942, and the Punjab Land Preservation (Chos) 
Act of 1900 would be desirable. It is only when powers are given to officers or 
associations by legislation that any progressive planning of land utilisation could 
be taken. 

• 17. Tn formulating the main principles of land-utilisation in India the 
gradient, or the slope, of the land can bo taken initially ns a rough guide. There 
is generally n correlation between the percentage of erosion and the gradient of 
the hind for different land-use classes, provided the credibility of the soil is not 
widely different. The effect of the slopes on erosion in the wntershed of the 
Norris Dam in. the Tennessee Talley is shown in Table V below : — 


TABLE V. 


Land uso classes 


Crops 

Idle & abandoned land 
Pasture . , 

Forest 



Percentage of erosion for stores 

Gcntlo 

(0-15%) 

| 

Moderate 
<16 — 30%) 

Steep 
over 30% 

« 1 

• • 

« • 

15 

20 

31 

• • 

• • 

• • 

5 

26 

30 

• • 

• • 

• • 

15 

22 } 

26 

1 1 

• • 

• • 

0 

51 

7 
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18. in the United Stales of America it has been seen that for normal condi- 
tions of cultivation, the gradient of the maximum slope that could be allowed 
depends upon the local soil and climntio conditions. While in some places it may 
exceed 5 per cent, in others not more than 2 per cent, could be allowed. Even in 
these cases of very gentle slopes it would be desirable to introduce principles of 
soil conservation in cultivation methods, such as contour cultivation, strip cropping, 
and rotation of crops. Above 5 per cent, and upto about 15 per cent, gradient, 
cultivation can be allowed only with effective anti-crosional measures, such as 
graded terraces with appropriate outfalls either of the absorbent or channel 
type* with contour cultivation and strip-cropping. 

19. Bennett has stated that come soils could be cultivated with a fair degree 
of safety on slopes having a gradient of about 20 per cent, specially in porous 
gravely soils. On the other baud one or two per cent, gradient is stated to cause 
appreciable erosion in Knox silt looms. These distinctions with regard to slopes 
are therefore not sacrosanct. These should be applied with local variations. As 
a general rule we may expect that all lands with a gradient more than 30 per 
cent, should be under forests, with controlled grazing ; such control may be applied 
in restricting the number of cattle to the limit of grazing possibility, or by rota- 
tional grazing to provide short period of rest for portions of the year to allow 
seeding of good! fodder grasses, or by setting apart areas for grass cutting. Such 
areas may be constituted into reserve forests, if of sufficient extent, or village 
forests, according to situation, for the supply of fuel and fodder to the neigh- 
bouring villages. 

20. Arens in suh-marginal lands with moderate slopes that is 16 — 30 per cent, 
may generally be considered, maintained, and managed as grazing grounds with 
appropriate anti-crosional measures All steps necessary to increase the produc- 
tion of fodder from such sub-marginnl lands will have to be taken when appro- 
priate legislation is passed by the State Legislatures. 

2L In improving the grazing conditions in these snb-marg : nal lands with a 
slope of between 16 — 30 per cent, we may follow the methods in Montannn, United 
Slates of America where ‘co-operative grazing associations •* have be r n organised 
under State Legislation. These associations ave set up under nn Act which states 
that their primary purpose is to ho the conservation and improvement of grazing 
lands. Co-operative operation in the use of grazing lands of the area creates a 
mutual interest in improved management, and the association, through its business 
organisation, is in a stronger position to use legal means to combat trespass than 
is the individual. 

22. The actual stops necessary for improving pastures on sub-marginal land 
are not difficult to suggest. There have been many experiments in d fferent parts 
of India at different times. The first step will probably be an effective control 
of grazing over selected areas in the sub-marginnl lands. It has been found that 
a full closure to grazing is also nn effective check on erosion, and more closure for 
a few years results in a profuse natural growth of grass quickly covering the soil 
in most places, ns the first stage towards rehabilitation of tno vegetatvie cover. 
This increase of the grass cover is responsible for shopping further accelerated 
erosion and reduction of runoff. It has been reported that in tbo Piabbi tract, 
the reclamation area of about 3,000 ucres yielded a revenue of a rupee per aero 
for grass cutting in 1937, as compared with a grazing revenue of 13 annas per acre 
for adjoining lands. The application of strict closure on all lands however is 
not immediately possible. After nn initial period of closure the area could re- 
opened to a restricted grazing ; otherwise, it has been seen in the United Pro- 
vinces that worthless grasses like Aristida Hy&trix n»d Aristida depressa invades 
tho land to the complete disappearance of useful fodder grasses. 
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23. The second method of > improvement of grazing in sub -marginal land. may' 
bo by controlled grazing. This control means : — 

(i) restriction of the number of cnttle to be allowed in the area to the 
limit of grazing possibility.. . 

. . («) Rotational grazing to provide short periods of rest for portions of 

the area, and time to allow seedling for good fodder grasses. Periodi- 
cal grazing in which long periods of rest alternate with comparatively 
long periods of grazing is also a suitable form of control, in some 
localities. 

• (iii) Setting apart areas for grass cutting to tide over the long dry season. 

(iv) Restriction of goat grazing and exclusion of goats from hill slopes. 

24. The third method of improving sub-marginal lands may be by countour- 
trenching and contour furrowing?. Contonr trenches are intended to create 
favourable moisture conditions in the soil to hasten the restoration of the plant 
cover and' to help establishment of new tree species. Large areas of sub-marg’nal 
lands have been impoved in Bijapur, Sholapnr, and Dliarwar districts of Bombay' 
by contour trenches. Not only lias good fodder grasses appeared due, to increased 
moisture and restriction of grazing, but also the annual yield of grasses from such s 
areas has increased ; the freshly introduced tree species, such as Necm, Cash-w\ut, 
Hardwickia binata and Cassia Siamia , etc., with which the area has been planted 
will afford fuel, fruit, and small timber to the villagers in due course. Along w‘th 
contour trenches, the existing gully erosion could be controlled by check-dams and 
the standard gully-plugging methods, Revised in the Pabbi Reclamation area. 
The effect of contour trenching and gully-plugging upon reducing the runoff, and 
therefore controlling the flood, lips been noticed both in the United States of 
America and ill the Punjab. 

The last and the final method of improving grass land will be by shocking the 
pasture with better fodder grasses and forage. Considerable study and experi- 
ments are still required to discover a correct grass-legume mixture for pasturage 
under Indian soil and climatic conditions. ' Pasture grasses require a light toamy 
soil fairly well provided with rannurial ingredient They thrive best under an 
equable climate with frequent light showers well distributed throughout the year. 
Such ideal conditions arc rare to find in India. Here experiments are to be con- 
ducted in search of drought-resisting fodder' grasses. 

26. In South India, the Kollukottai grass (Pehnisetum cenchroides) has been 
found to he one of the best in composition, with rich herbage. -Amongst exotic 
grasses, the Government farms have popularized the Guinea grass, a .native of 
tropical Africa, and Elephant grass. The land requires a good dose of cattle 
manure before planting out. Guinea grass is palatable to caftle, is highly nutri- 
tious, and yields about 30,000 to 50,000 lbs. per "acre, while Elephant grass, on the • 
average, gives 60,000 to 90,000 lbs. of fodder per acre. Lucerne or alfalfa [Mc&i- 
eago sativa) has been grown widely in western India for its protein-ricli roughage'. 
The crop requires manuring, as well ns irrigation, and is expected to yield 50, : J00 to, 
60,000 lbs. per acre, though much higher yield lias been recorded under optimum 
conditions. 


27. From the point of view of erosion-Tesisting qualities the following spor»es 
may be mentioned in order -of merit, as found in the United States of America. . 

' • (1) Bermuda grass ( Cynodon dactyl on)-. 

■ (2) Lespedeza grass ( Lespedeza sericia, Istriata, L. Stipulata). 

■ (3) Clovors (Tnf^m ,pp). T \ 

(4) Cowpeas (I %gma stvensis). J 
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(5) i-lfalfa grass, ( Med'tcago saliva). 

Itudzu Vine, a native of China', has also been found very effective in resisting 
erosion besides supplying profuse quantity of fodder. It grows proliiioally and 
runners frequently attain 30 ft. in one season. It may be locally suitable species 
to grow under favourable conditions, 1 

2S. The report on soil-erosion in India by Dr. D. V. Skukart gives a brief 
general idea of the extent of the problem in the country and the urgency. of action 
to be taken. While his report deals with alt lands, the present paper is confined 
mainly to the action to ho taken in sub-marginal lands. If the steps suggested in 
this note are taken, not. only will soil erosion be controlled but also thero will be 
mi appreciable) increase in the availability of fodder and roughages for the existing 
number of live-stock in India. It is only when all tko lands in India are produc- 
ing lo their maximum, and every square yard oP grounds is doing its duly of 
producing cither tm agricultural crop or a forest crop or fodder, and there’ is no 
further possibility of increasing the available fodder in the country, that we could 
think of reducing the number of cattle, economic or uneconomic, a thought repug- 
nant to millions of Indians. 


Sl'iMKC'r Iso. fi . — To review 'he measures adopted to increase the fodder pioduelion 
by : — 

(a) Selection and propagation of perennial cultivated grasses. 

(b) Improvements in rotational grazing and 

(c) Exploration of new fodder craps, in addition to improving Hu* existing 

ones. 


BY 

< 

T. J. Mirchandmii and P. M. Dahadghao. 

INTRODUCTION. 

In a country like India where the progress of agriculture depends to a large 
extent on the efficiency of the work cattle and where there is an increasing demand 
of milk for (lie growing population, an adequate fodder supply is a prime nercs- 
.Mly. In meeting fodder requirements of the cattle population, il is necessary 
lo visualise two different aspects of tko problem. 

fa) factors affecting the urban areas where the cattle are reared 'for milk 
production, and 

(b) those, affecting the rural areas where they are maintained chiefly for 
agricultural purposes. 

Tn (ho urban areas, where (ho animals are generally stall-fed on cultivated fodder 
crops, together with available quantity of concentrates (and therefore, better in 
health than their counter-part 1 ! in the rural areas), the problem is one of economics 
Ilian of insufficiency of fodder supply. The condition of the working cattle in 
(lie, rural areas is extremely unsatisfactory. Apart from a few fortunate, indi- 
viduals, who ran afford to cultivate fodder crops exclusively for stall-feeding 
their animals an average cultivator, with Ill’s tnengro holding, does hot find it 
possible in grow sufficient fodder. Ho loaves his stock to derive its titif ritiot* 
LlGirtAR 
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entirely on natural grasses as are available from the adjacent grazing areas, sup- 
plemented to a negligible extent by the crop' residues. These grazing areas - are 
often poor both in quality and the quantity of the forage produced. The mal- 
nutrition of the work cattle adversely affects the agricultural efficiency and general, 
food production. In view of the above facts, the fodder problem can bo resolved 
into 

t , 

(A) Urban areas . — Where cheaper and greater fodder, production per unit 
area is desired so as to enable the daily owners to sell the milk or milk .products 
to (lie consumer at a eheap rate. This can be effected by live cultivation of peren- 
nial grasses which afford a cheaper fodder, introduction of new high yielding 
Codder crops and the improvement of the existing ones by mamirinl and other cui- 
tural treatments, 

(B) Mural Areas . — Where there is a need to increase the productivity of the 
natural grass-lands which constitute the main resources of fodder supply. This 
can be achieved by the introduction of improved grazing practices such as rotation- 
al grazing, introduction of better indigenous grasses and legumes reseeding and 
other methods. 


2. The study of fodder and forage crops received attention at the Agricultural 
lle«eareh Institute soon after its establishment, at Pusn in 1005. The study, 
however, in the early years was necessitated by the problems of proper feeding 
of the experimental Dairy herd and the- work cattle. An evenly distributed supply 
of both bulk and protein rich green fodder throughout the year was . recognised 
as an important aspect 1b the - economic management of the dairy. The studies 
were, therefore, directed to develop a suitable system of cropping which would 
ensure such a steady supply. In the cropping system thus developed, i.c„ mnize- 
oerseem rotation, there existed two periods, when the supply was at its minimum, 
these two gaps were (i) October-Xovember, the period between the harvest of 
ma-ze and tlir ■ flr-t cut of berseem. and (ii) May-June-Jt.lv, the period between 
the last cut of berseem and the first cut of maize. The <=cnreil v of sufficient 
quantity of green fodder during these two periods naturally resulted in reduced 
milk yield and was a strain on tile health of the work cattle. This difficulty of 
meeting the green fodder requirements of the dairy herd is generally fell wherever 
penodieal droughts exist, experiments were therefore, conducted to evolve suit- 
able fodder crops which could produce, sufficient fodder during the gap periods. 
O ork was also undertaken t 0 find out economic utility and relative importance 

to iWeflll 1 tS w fo<ldcr and legumes which could he utilised 

to wcieasc the fodder production. 

, ,, ^ ln ]? ikis ™ rk °f Poetical nature has been in progress at T.A.K I . as 

he ZlJl IT 8 ° f the C T n , try ’ investi Jrat'ons on the fundamental aspects of 
e dpi an d forage crops had so far received very little consideration The 

S^SSf Uhht - V m u nflti T forn " n p P ecips . which constitutes a fundamental 
Jidy sldi remains tn bo explored. Structure building quality of J 

a soeialion with suitable legumes, conclusively proved at Aberystwyth" and else 

afed fields as is being done m the advanced countries of the West where the 
gra^-legmuo Icy forms a pivot amp on which all other crops are rotated M stemati- 
... * a . l>r . ^ di ^he problem of maintaining the soil fertility in India is 
ei '/ hi ° ^® ddcr problem and intensive research is necessary to find on! 

mm 

prohlem which is confronting the agriculturists all over the world, 
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4. The need oi" an organised resen f ell on those lines was emphasized by the 
present Director of the T.A.R.T. in drawing up llic Development Schemes for the 
Institute in 3 !My, and ian Agrosiological Section was established with nucleus staff 
in 1047. 

5. Tin- proposed programme of work of Secliort includes both the Agronomic - 
and the Botanical aspects as given, below : — 

Agronomic. 

(A) (3) Collection of seeds of the known cultivated fodder crops. 

(2) Yield trials with the local ones. 

(2) Multiplication of the selected varieties for adoption in the cropping 
system. 

'(B) (1) Collection of sreds of natural grasses and legumes, indigenous and 
exotic and their establishment in the nursery. 

(21 General pyln'uhility and growth studies and selection of promising 
species for grazing, cultivation mid anti-erosion purposes. 

(.2) Collection of seeds of selected species for multiplication and detailed 
trials. 

(41 The selected species will he subjected to the following tests : — 

(a) Chemical analysis at different stages for their nutritional value. 

(b) Detailed growth studies. 

(el Yield trials under irrigated and non-irrigated conditions. 

(d) Mowing trials to study the effect of periodical cuttings on tne 
yield. 

(e) Huy and silage quality. 

(f.) Mammal nnd cultural treatment*. 

(gl Grazing studies. 

(5) Multiplication of the more valuable species nnd their strain investi- 
gations. 

(01 Seed mixtures for yield and effect on soil fertility as judged by the 
sulwquenl yields with «ish crops. 

(C) Botanical worl\ 

(31 Identification and preparation of grnss herbarium 

(21 Botanical Purvey of grnss Innds. 

(.31 Study of succession in grab's lands. 

( 4 ) Breeding of superior strains. , 

A. Selection and propagation of perennial cJUlhatcd grasses. 

C. The potentialities of grasses as affording a cheap, perennial supply of high 
bulk of palatable green feed, attracted early attention and trials were undertaken 
ni Push to establish some of the outstanding exotic grasses. Seeds of number 
of valuable exotip grasses were collected from different sources and as many as 20 
gras* species were established and kept under observation for a number of years. 
Out of these Napier (Pennos'diiin pm-pumim), Rhodes (Chloris gaynna), Guinea 
(Panicum maximum), and Sudan (Audropogon-Sudnnesis) were found promising 
nnd on the basis of pdat ability and their high yielding capacity, were selected 
for further propagation. 



382 


' 7. The trials conducted at New Delhi confirmed the usefulness of Napier and 
Uliodcs and these have since been established in the permanent irrigated glass 
plots. Napier, although giving a very high bulk of about S00 maxrads of green 
fodder in 5 to C cuttings, is rather coarse and more suited to the work cattle. The 
Rhodes grass has proved a valuable addition to our foddci* crops. It gives quite 
a high bulk of about 500 mauuds of very palatable forage in 5 to G cuttings and 
is available to the milch cattle during November and again in March, April and 
June when other fodders are not available. The monui’ial requirements of this 
important grass have been under study during the past three years. A mixture 
of sulphate of ammonia (80 lbs. N) and supexphosphato (SO lbs. P205) yielded. 
340 niauntls per acre agnirst the eontrol which gave 215 maunds. 

S. Guinea grass, like Hie Napier, was relished by the work cattle alone, but 
gave a much lower out-turn than the latter and remained stunted during winter. 
.Sudan grass, on early maturing annual resembling Jo war plant, gave promising 
yields and lias recently been multiplied foi* further trials. It gives 200 — 250 
maunds per cut. 

!). The results of these experiments here and elsewhere in India point to the 
need of experimenting on a large number of exotic grasses and as Dr. Burns puts 
it ‘i.ne hit in 50 years would justify Midi experimentation (1) Since soils and 
climatic conditions are so varied in India a particular grass may not suit one locality 
blit may prove superior under certain other conditions. Thus, Paspwlura dila- 
tation oi Golden Crown grass which was first introduced, in India ns an extremely 
drought resistant one, lias not proved very satisfactory in Ihe plains but does 
very well in the hill tracts ol As*am. It is therefore necessary to try these 
grosses under a variety of soils and elinintic conditions before their suitability 
for introduction can be judged. 

10. The exotic gra-« species under observation in the i.A.R.I. are Star grass 
(Cynodon plcctostacliyum ) , Para ( Braeliiarin muticn), Venezuela (Melinis 
minutiilora), Golden Crown (Pakpahan diiatntum), and species of Brornus 
(Prairie grass), Phniaris Loci tun (live grass), Agropyrom (Wheat grass), 
Magrostis (Love grabs). .Some of these appear to be promising as winter grasses. 
Efforts are being made to obtain seeds of grasses from China, U.S.A. & Australia 
and other countries to see if an\ of tho'-e will flourish under our conditions. 

11. While some of the exotie grasses may still prove to be useful ns perennial 
fodder crops, it is the indigenous grasses that deserve belter attention' than have 
been hitherto given to them. Considerable xvoi’k hns already been done on the chemi- 
cal composition, particularly tiie mineral contents of the Indian grasses The in- 
vestigations of Lander m Punjab t‘2 ) Hannah in Madras, IC. C. Sen in U.P. and 
othei’s show that some of these grasses are fairly rich in nutritive value. The 
agricultural aspects have so far received very kittle attention. The early trials 
conducted at various places in Bonibaj’ Province (3), C.P. (4), and more recently 
at Connbntore, Izalnagnr (5) and at Sirsa on the more common grasses indicate 
that some ot these such as Diehnnthinm annulatum (Maiwel), Sohima nervosum 
(Paonia), Cenchrus cilia rib, Cenelmis Sctigenis (Anjan, or Kolukatti), Helcro- 
pogen contoi-tus (Surwaki), can very profitably be brought under cultivation. 
These grasses are very adoptable and occur under a variety of soil and climatic 
conditions. There are still other grasses which may be superior either as ■pastime 
or cultivated grasses or ns anti-m»ion plant cover. 

12. The nature of more recent work on the manorial and other aspects of the 
grasses lias been briefly summarised by Dr. K. C. Sen (6), “ The results of Nagpur 
experiments have indicated that the different types of fertilization of the grass 
plots, fairly rich in essential soil constituents, do not materially improve the 
«?ua ity of the grass, but ihe lotal yield is markedly increased. In Sabour and 
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Ooitnbatore, •where the soils nro poor iu nitrogen, tlic application o£ nitrogenous 
fertilizers has not only increased the total yield but also the quality of some 
fodders and grasses as could be observed from the significant increase in protein 
content in these plants. Similar results huve also been recorded in the manurial 
experiments conducted at Dacca and Kanpur. The study of the yield and the 
composition of fodders and pasture grasses eut or grazed at frequent intervals 
is of considerable importance. Investigations of this nature have been carried 
out at Lyallpur, Nagpur and Jhausi and the results so far obtained have con- 
firmed the observations of the British workers that the frequent cutting or grazing 
lias tiie off eel of lengthening the most nutritious period of the life of the herbage". 

33. With a view to study the agricullnrn! utility of the indigenous grasses, 
ii large collection of both perennial andi annual grasses from various parts of the 
country, was started at the l.A.R.I. since 3941. The crass nursery thus estab- 
lished exhibits about 40 different perennial species with some of their available 
strains commonly met- with in our grass-lands. The following species have been 
selected for detailed field trials : — 

1. Holeropogon eon tor Ins. 

2. Clirvsopogon monfnmis. 

3. Ponnesetum orientate. 

4. Themeda annthera. 

5. Dielinnlhiutn nunulatum 

0.* Keliima nervosum. 

7. Rolhriocliloa pertuso 

S. f’enehrus eiliaris. 

0. CVneliurus soiigenvs. 

10. Punicum repens. 

11. Arimdinellft ncpnlcnsis 

12. Solaria palmaefolia. 

33. Tlieniedn tremnla nnd 

J4. Panieum antidotal". 

Observations are being taken on others for further selection. 

B. Impromnent in Jlotational Grazing. 

34. In the economic utilisation of the grnss lands for gnazing purposes, 
management plays a very vital rote. To slate in the words of Sir It. G. Stapleton 
who stressed this point in his opening address to (he Fourth International Grass- 
land Congress at Aberystwyth in 3937. “Soil, climate, grazing animul. Which 
of these Ihvee is the most important factor 1 Most emphatically the grazing 
animal. 

35. Manure right, sow right and, manage tbe grazing animal wrong nnd you 
are nowhere. Without the grazing animal there would be no grassland worth 
the name anywhere in the world. Management is, therefore, the key to the solu- 
tion of the whole grassland problem ”. 

30. The present deterioration of grassland is primarily due to the unsystematic 
grazing practices of onr uninformed graziers. It is a common practice of the 
village graziers to allow any number of animals in the village grazing areas, ns 
soon vis it becomes green after the out-break of monsoon. Such a practice arises 
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out of the ne<Jd of - the -villagers to -restore -the condition of their animals in as short 
a period ns possible. The grasses in younger stages are very nutritious and the 
anima] pick up condition very speedily when graced at Uiu,_stage. The grazier, 
however, is unaware -of the damage done to the vegetation. This, too early, conti- 
nuous, and overgrazing, in association with the selective grazing habit of 1 he grazing 
stock, practiced year after year, results in the depletion of the vegetation and 
consequently affects the carrying capacity of the pasture. Since grazing is inevi- 
table what is needed, therefore, is the introduction of an, improved system ot 
grazing which will afford the 'maximum utilisation of the forage, with least inter- 
ference with the seed 'formation of flu* forage species, together with the maximum 
gains to the grazing stock. 

17. The deferred, and rotational system of grazing as developed in U.S.A., 
and now practiced on ranges and cultivated pastures in many countries takes 
into consideration all the. above factors and can be successfully npplteil to our 
grasslands," particularly, where animal. 'species predominate. This system is ap- 
plied by dividing the pasture in a number of compartments depending upon the 
size of the pasture, each being grazed in rotation m the early part of the grazing 
season and protected subsequently, ho that once during flic cycle (depending upi>n 
Ihe number of compartment-) earl: compartment is allowed to nutosccd itself with 
part season protection for the -uceesstnl establishment of the joung recdlings, in 
the succeeding years.' By 'applying thi- system it is possible to maintain a larger , 
number of animals in a unit area than it would be under the continuous system 
of grazing. Thus in an expermmet to see the effect of different intensities of 
grazing on the local vegetation mid 1 he grazing stock, carried out a' Mundane, 

N. Dakota in U.S.A., by Sarvi- (7), 1(5 animals could be grazed under deferred 
and rotational grazing system in 70 acres pasture divided into three compartments, 
with approximately the same gains in live weight a? the 10 animals grazing under 
continuous system on a pasture, similar in size and forage production. 

18. Before this system of grazing, a- developed in U.S-A. in toto or with sncli 
modifications suitable to Indian conditions, can be recommended for wider appli- 
cation, it is absolutely necessui y to have a sufficient data with regard to the types 
of grasslands met with in the country, the nature and relative abundance of the 
forage species entering into their composition, carrying capacity, behaviour of 
the vegetation under different systems of grazing. It will also be useful to 
ascertain the reaction of tin* villagers to the introdnefon of rotational grazing 
which is a deviation from their normal practice-. 

19. The first systematic attempt in India to collect data on rotational grazing 
was made by Burns, Knlkarni and Godbole( R ) at Bhamlmrda near Poona in 
1928. The results of their investigations show that the quality and quantity of 
the forage and ■ consequently the carrying capacity could be increased consider- 
ably ; tlie gains-in live weight of the grazing animals varied from 17 to 20 per 
cent. Further- experiments earriedi bv Kumar and Godbote(°) at Mnngadana 
near Foona for- a period of 7 years 'showed that (he number of grazing animals 
in the same area could die increased fiom 150 in Ifi.'tl to 250 in 193?, thus confirm- 
ing the results of the earlier workers. 

• 20. The 'work -has then taken up by the Forest and Agricultural Departments 
in several provinces: During recent years the problem lias received considerable 
attention and a ntunbcT of- schemes with a view to collecting further data on rota- 
tional grazing are being carried 'Out in different Provinces and States. Mention 
may be made to the T.G.A.R. Pasture Laud Improvement Scheme in Baroda State. 
The results, of 'one of the grazing schemes indicated that in the utilisation of eroded 
areas for grazing purposes. Intermittent grazing with a fort nightly closure period 
gave the maximum -gains to the cattle, with, minimum .erosion percentage, when 
compared- to controlled continuous and post monsoon grazing. 
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21. The "work on rotational grazing and qther aspect? -of : grassland investi- 
gations will be started next year. by the Agrostological Section of the Indian 
Agricultural Bcsearch Institute. 

C. Exploration of New Fodder Crops in addition to improving the existing one.*. 

22. The work done and intendedi to be done on the exploration of new fodder 
crops has been described in another note submitted to the Board by Pnl and Singh. 
It is, therefore, proposed to limit the scope of this note to the work on improve- 
ment of the existing crops. 

21. Tile main fodder crops which are cultivated in one or the other parts of 
the country are the following : — 

Kharif . — Jo war (Sorghum vulgare. mane ( Zen mays). Bvlgara (Pen- 
nesetum typhodium), »«»/» or Nnchani (Kleusine cuvaeana), row peas (Vignn 
catjnng), guar (Cyutnopsis psornliohles), nieth (Phnscolus aeonitifolius), volvet 
bean (tttizulobinm deeringmnum), eogbrnu (tllyeine hisprda), vgl- (Dolichos 
lahlnb). 1 

Jiali. — Oots (Arena sativa), berseem (Trifolium alcxmtdiiuum), sliaflal 
(Trifoliutn resupinaluml. hunne ( Medic, uro saliva), */■«/? (Mel dot us parviflora 
and 31. all'll), met horn (TrigoliHfa foeniimgroeeuin ) , Japan rape (Brasmpa nnpiis) 
and turnips (Brassier ritpn). 

24. A- a result of amoral experiments eondueted be tit at Pn«-a and ‘New Delhi, 
to find out tin relative merits of (lie different fodder crops’, il is' now possible 
to have green fodder practically the whole year round as shown below 


August 

. . Jownr «,ud gnnr. 

. November 

. . Cowpens. 

September 

.. .Townr nnd Cc\vpci\s. 

December to Mire 

Itanwcm. 

October . . 

. . .lnwnr and co\rpea«. 

June : July 

.. fowp" 1 **! and maizb. 


25. The work on the inipro\enient of thr-e and other crop-, by breeding 
superior \pvict ies and by c»H oral, manorial and other treatment-, ha* been in 
progress at l.A.B.l. and elsewhere in India. Some of this work is briefly sum- 
marised below : — 

2(i. Jo tear. — (Sorghum vulgare) provide.-, an excellent fodder both for soiling 
and silage purpose*. Us -.owing can be adjusted so a« to yield green fodder 
from early May to end of August. Snit-thlc varieties exist which could bo sown 
in February and would be ready for culling in fiO to 70 day- under irrigated 
conditions. The ina’ii sen-on crop is sown with the break of monsoon and TJ.P. 
Pnrbi lias {) roved superior to other*, at Delhi. Thi- ' litis .n'ow been adopted in 
general enHivat : on here. : ' ' * v ' 

• , , V * . I , • 

27. f'nnsiderahle amount of v.ork has been done, particularly) in Punjab and 

Sind on fodder varieties of do war. Amongst these . imiyt be inerils'nncd Honey 
Sorghum, Finn talari, ]!>'d Tnri. Tbe-e are high yielding varieties .but differ from 
other,-, in t hut they are .-by seeder-. It will lie worth vb'fe to devote attention to 
this proh'em. ’ , , 

28. Th" inannrinl experiment at New Delhi, sim wed' that sigiiifieinet increase 
could lie obtained by nitrogenoii, mimim.-, like nitrate of ammonia apd sulphatp 
of ammonia at a rate of 40 lbs. nitrogen pur note. Treated plot*, gave a yield ivf 
402 maumls per acre agniimt the control which 'gave 051 matuids per acre/ 
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29. Maiec .-~( Zea mays) PF1, PF2 and PF3 Pusa selections were found to 
be successful, PF2 being tile best yieldcr giving about 200 mds., per acre of green 
fodder. Experiments have shown that maize when grown after phosphate manur- 
ed berscem field gave a significant response. 

30. To maintain the purity of the desirable type under cultivation, it is 
necessary to resort to mass selection every few years as the crop is cross-fertilized. 

31. Cowpcas (Vigna catiang). — The study of cowpeas was carried out- at 
Kamol Sub-station as part of Empire Co-operative studies on behalf of the 
Koyal Botanical Garden, Kew; About 2,000 samples were collected from various 
parts of the world. Of these 200 distinct types were isolated. Out of these 
K397, K700, K585- and K782 proved superior under Delhi conditions. Iv397 and 
K700 have been adopted in the general cropping system. Cowpeas is now iho 
principle source of protein rich fodder during June, July and from September 
to November either alone, or when grown in mixture with maize. Investigation 
regarding the manurial requirements showed that cowpeas do not respond to 
phosphatic manurials as was the case in other leguminous fodders. The manuring, 
however improved the quality of cowpcas. The P205 content of llic fodder roso 
from 0.32 to 0.43 per cent, and calcium from 2. 86 to 3.41 per cent. 

32. Soyabean. (Glycine hispida). — This is a newly introduced fodder crop and 
was found very valuable particularly at Pusa as it supplied green fodder during 
the month of November when no other green feed was available. II. yielded about 
150 maunds per acre. As a result of trials conducted! on yellow, chocolate black 
varieties of this crop, chocolate was found to be superior. At Delhi, however, 
cowpeas which is a better yielder has replaced this crop. Further selections from 
imported 24 American, varieties of soybean are on hand. 

33. Berscem (Trifolium alexandrinum).— -Since the introduction of this valu- 
able clover ns a rabi crop in 1917 at Pusa, its importance as the soul source of 
protein rich green fodder throughout winter and again in summer till liny, has 
remained unquestioned. It is now grown all over India. Several allernativc rabi 
fodder crops like methra , senji , field peas , and Kbcsari, were tested fol* llieir yields 
hut none stood any comparison with berscem which gave much increased yields in 
regular monthly cuttings from December to May. 

34. The extension of this crop in early years was limited due to the scanty 
seed setting habit in India. Seed had to he imported from Egypt. It has now 
been possible to obtain good amount of seed by suitable cultural and manurial 
treatments. Experiments conducted at New Delhi and, elsewhere have shown that 
tlic maximum quautity of good seed, is obtained after the third cut* a practice now 
being followed at I.A.BX 

35. Results of the experiments with regard to the best sowing time and 

manurial and irrigational requirements, proved that sowing in the middle of 
October, manuring it with higher dose of superphosphate upto 120 lbs. P205, 
either alone or in combination with F.Y.M., combined with regular irrigation, at au 
interval of 12 days, maximum yields could be obtained. The Average yields of the 
general crop on the farm, varies from 300 to 350 mds., per acre, the maximum 
yields were about 600 maunds per acre. , 

36. The experim’ents on phosphatic manuring of berscem and other legumi- 
nous croup brought about a striking fact that all legumes do not respond to phos- 
phatic manures equally. Bersecm showed a positive responcs to the phosphatic 
manures not only in. the yields but also in flic P205 and CaO content of 
the fodder. The P206 and CaO contents were respectively raised from .3S and 
3.206 per cent, of the control to 1.12 and 4.14 per cent, in’ the plots manured 
with higher doses of superphosphate at the late of 264 lbs, P205. Based upon 



these findings at Delhi, a request wus made to the different Provinces with a view 
to obtaining these results under varying soil and climatic conditions. The manur- 
ing dose may appear very heavy but it has great residual value over succeeding 
crop. Isolation of strains and the testing of these against the local variety are in 
progress. 

37. Lucerne (Medicago sativa). — This valuable perennial clover forms a source 
of additional protein rich green fodder during rabi season. Milch cattle do Hot 
seem to relish it much but the work hullock consumed it readily. Experiments 
undertaken to study its cultural and manurinl requirements showed that maximum 
yields could be obtained by broadcasting the seed and the application of higher 

, dose of superphosphate (120 lbs. P205). The average yields per acre varied from 
300 to 330 mnunds. 

38. Conclusion. — The fodder problem h a serious one in India. Our cattle 
wealth will deteriorate if the feeding is not sufficient or efficient. The present 
position is far from satisfactory. There is urgent need for improving our fodder 
resources by all available means and the introduction of suitable grasses and 
improvement of grasslands and pastures provide an effective method of achieving 
this end. The "Departments of Agriculture in Provinces and States should have 
•Agrostologicnl section and work oil this problem should be intensified. 
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SEVENTH MEETING OF THE CROPS AND SOILS WING OF THE BOARD 
OF AGRICULTURE AND ANIMAL HUSBANDRY IN INDIA, 1948. 

Subject No. 6A. — Selection propagation of perennial cultivated grasses. 

Note by 


N. G. Das Gupta, Research Officer, Cattle Feeding Research Scheme, 


United Provinces, Bharari, Jhansi. 

Legume roughages are the richest source of protein as compared to common 
roughages like straw, karhi common grass and gross hay. 

Home grown legume fodders supply protein of food quality to livestock most, 
economically. A rough estimate of the extent of inadequacy of the nutrients for 
the livestock of India shows that the available digestible protein is about one- 
seventh of the required quality. Hence, the importance of legume fodders cannot 
be ignored. Western countries depend mostly upon pasture with legumes for 
their cattle. But a perennial legume to suit the ecological condition of India has 
not yet been found, except lucerne which is suitable only to a certain extent. It 
is high time that a search is made for other perennial legumes which can be 
easily established in India. 


Arhnr or pigeon pea (Cajanus InYlieus or Cajanus Cajan) a perennial legume 
of tropical and sub-tropical countries is an important human food crop in India. 
Though it has been tried in some tropical countries as cattle fodder, here in India 
only the straw is used for this purpose. In Hawaii 1 , pigeon pen has been found 
to make excellent pasture and the young growth is also used as a soiling crop. 
Cajanus Indicus has been mentioned as a forage crop by Navarrcte 2 . It has also 
been tried as a fodder grass in Barbados 8 . Pigeon pen (Cajanus Cajan) was 
selected for study as a perennial tropical legume by Schofield* nnd was found to 
be a valuable stock food. Henlce 5 has recorded that much lower amounts of 
protein concentrate are necessary in the diet when cajanus Cajan is fed as a 
soiling or pasture crop. 


Different varieties of Jiudiu (pueroria Ibuubergiane, pueraria hirsuta and 
puerarin pliascoloidesi) a perennial legume, have been found to be quite satisfac- 
tory ns cattle feed. 

Pueraria tbunbergiana has been fouud to be the most prominent legume for 
fodder and grazing. It is being studied in grazing grounds on hill slopes nround 
Poona®. Throughout the south-eastern United States it has been extensively plant- 
ed on the eroded soil. A well established crop of Southern Piedmontli Experi- 
mental station produces five tons nir dry hay per acre 7 . The mature hay was 
..ound to contain 3.18 per cent, nitrogen. Some work with pueraria hirsute was 
also conducted in India. 


Tropical species of Kudtu have been reported from the Phillipine, New 
Guinea and China. They grow in the jungle, thrive beneath trees inspite of the 
compel] tion of the latter for water, and grow in grass lands where vines kedp 
down on the ground surface. A tropical Kndsu, identical as pueraria phaseoloides 

1 Kranss. Hawaii Bull. No. C7. ™ 

2 Navarrete J. P. La agriculture Y ios Recursos begetnbles de Mexico, 1945. 
4 c I t 1 * *l ie Department of Science and Agriculture. 1944. 

8 I Cl 1045 Ta T, ° picnl ,0£riune m Roulh Eastern Queensland Qti. Agri. 


fe 8 ? , Repo1 ^ T P‘ ,i8 _? Council of Agricultural Research, Delhi, 1943-44. 
Hendrickson, B. H. Frosted Kudzu Soil con scry 13, 1946. 
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hul hot identical to that available in the Pliillipine, lias been grown in Pnerte Rico 
since 1940. These tropical species have been recommended for Cavribean area 
• and Pncrarin thunbftgiaua fails to grow satisfactorily. For the same reason 
Pueraria pluiseoloides was introduced in Puerto Rico. 

In India where excepting lucerne no perennial legume has yet been estab- 
lished, it is desirable that systematic studies axe made with the different species 
of arhar and Kudzu along with lucerne to select . strains suitable for different 
parts of the country for providing green fodders for the maximum period of the 
year and also for the maximum return of nutrients per aero. It may be mentioned 
that there arc possibilities of growing Kudzu on land not fit for food production. 

Plan for studying arhar and Kudzu as a fodder crop is already under consi- 
deration of the Department of Animal Husbandry, United Provinces. 

Run.iF.cr No. G(B). — Improvements in rotational grazing. 

Note by. — K. Clierian Jacob, L.Ag., F.L.S., Coimbatore. 

At- a meeting of the Madras Provincial Fodder and Grazing held on 17th 
January, 1947, I explained that if Forest Fodder Grasses were first cut just at 
the lime of flowering in the month of October, a second cutting could easily be 
made in the following January, wliich would thus give two harvests resulting 
hi the total output of fodder by 100 per cent. 

Forest officers present ut the meeting explained that it was doubtful whether 
the forest grasses would regenerate after the first harvest in the forest grazing 
areas under the existing conditions. 

1 explained that I have been getting U\o (uid often three harvests of grasses 
at Coimbatore, typical of scanty nainfnll area, with all species of important 
forest fodder glasses. 

The-e forest grnsse» are gioun at Coimbatore year after year without any 
attention being bestowed on them except for occasional weeding but with one 
difference nc. the plots have all the four sides raised to form bunds of about 
C inches height. These bunds prevent runnings off of nny rain received in these 
grnss plots : whereas in the foiust grazing areas most of the rain water received 
runs off, the land being generally slopy. 

If moisture can be conserved, the output of forest fodder grnsses could easily 
be doubled if not trebled. 

Any amount of money spent on the conservation of moisture is an invest- 
ment. The cost of sinking wells can he reduced very much since wntor table 
rises in such areas and the irrigation water need only be lifted to much less extent. 
When the moisture content of the soil is increased, there also be difference in the. 
species of grasses present. The contour trenching nnd bunding gives a partial 
effect of digging of the place ; consequently the land is improved. 

f I’he so-called hardy glass species like Andropogon montanus, Eragrostis 
bifaria, many species of Aristide , Audropogon Controtus, etc., which are of 
xcropbylic nature give place to Andropogon Pcriusus ( Amphilophis pertusa, 
Pothriochloa Perfuse •), Jscilime a larum Andropogon pimilus, Pennisetum cen- 
chroidcs find other non-xropliytic .grasses of much higher fodder value. 

I suggest therefore that the conservation of moisture and whoever necessary 
conservation also of soil may be systematically done by Contour trenching and 
contour bunding, as found necessary , as is successfully done in the Bijapur and 
other districts of the Bombay Province so that the output of fodder of suptrior) 
■ fodder value may be doubled or trebled in areas of scanty rainfall. 
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Subject -N o. 6(C). — To review the measures, adopted to increase the fodder 

production by \ — 

(c) Exploration of now fodder crops iq addition to ‘improving' the existing 
ones. 

Note by 

Sardar Bahadur Sardar Harchand Singh, Commissioner for Agriculture, Patiala. 

Of course the exploration of better fodder crops is a necessity and there ib 
no limit to what we should aim to secure hut the more important quarter of this 
problem is the introduction of some fodder crops whose superiority is well estab- 
lished but which are not being grown either due to ignorance, non-availability of 
seed or the lack of technique -in the methods' of its cultivation. Take the specific 
case of Berseem. This has established its superiority over the fodder crops which 
it. had replaced. Two difficulties are being felt about this crop. 

No. 1, Unless the seed is inoculated it shows very poor results in new soila 
where it has never grown before. Experience has shown that by inoculating the 
seed, yield increases by four limes. Arrangements should he made for inoculat- 
ing the material which can be prepared only under the direction of Agricultural 
bacteriologist. Arrangements should he made for supply of this seed. 

2. The seed is selling at very high rates and in fact is not available in suffi- 
cient quantity to mrct the demand of the market. This difficulty has consider- 
ably increased as the result of the partition of the country. Some special* efforts 
should be made for the production of seed at the farms 'or through the Private 
Growers. 


Napier Grass . — It was introduced • at the Bhupendra Dairy Farm, Patiala in 
the year 1036, for the object of providing some green stuff to the eattle at the 
hottest season when rarely any thing green can be looked any where. It has been 
grown continuously lor the last eleven years. It needs heavy manuring every- 
year and consequently it was planted quite at the head of n liquid, manure pits 
round about which irrigation of liquid manure can be easily made. 

U* e object oi locating it round the pit was also to consume the liquid manure 
easily which it does to auy extent. It needs deep .interculture with a plough and 

r!T e “° of on >' bad of any injury to it, once it is well established. 

After that it gives very good foliage year after year with proper manuring and 
interculture every season for 10 years, after which period it ought to be removed 
to another area, because the land gets much infested with pests and insects. 

Being a wild grass of African tropical parentage it thrives best from March 

^ ber -r a T nter mo - nths o£ Member, December. January and 

h cbru.iry , its growth is dorment, m Patiala climate. J 

Otfthe average 250 mds. of green fodder per cutting per acre is available 
9 grass ’ , Ten cuttings a year should be taken which means an yield of 

2,* 10 ? Per now per year. Tonnage depend! npjn tie 

growth when it is cut and the number of cuttings taken. Bigger Urn growth 

tie , yield per cu ttmg but lesser shall be the number of cuttings. Thus the 
- yield annual per acre may remain the same. ^ 

measure.” ' To Ih n t °p vfpri t k Reconsidered as a supplementary and economy 
measure. I 0 that extent which adds to the weight of green fodder it saves the 
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They lose in health. Therefore, it should only be used as supplement to green 
fodder. Ordinarily Zemindars can not be advised to put it on their land unless 
they are ■well provided with surplus water and manure and lake up fixed fanning. 
Its introduction merely as a fodder for bullocks is inadvisable on account of its 
low nutritive value. 


Subject No. 6(C). — Exploration of new fodder crops in addition to improving the 

existing ones. 

(Note by B. P. Pal and Harbliojan Singh, Division of Botany, Indian Agricultural 
' Research Institute, New Delhi.) 

In agriculturally-advanced countries fodder crops arc considered juBt S3 im- 
portant as any of the food crops of other industrial crops, Recent researches on 
grasses and legumes and grassland farming in general have shown how these can 
contribute materially to the prosperity of a country. In India with the increasing 
demand in land for the growing of food grains, and the increasing need for 
draught cattle and for pure milk and milk products it becomes imperative that 
serious attention is paid to the improvement of existing fodders and the explo- 
ration of new fodders which may be found useful substitutes for the existing ones 
or which may turn out to be promising fodders for new agricultural areas where 
other fodder plants might have failed. It becomes all the more important when 
wo consider that over u greater part of our country rainfall is concentrated in a 
few months of the year and in the hot weather the temperature in most places is 
hardly conducive to vigorous growth of the various fodder and forage plants. 
Except for a few of (he rainy season crops fodder generally are grown under irri- 
gated conditions. But irrigation facilities are not available over a large area in 
the country. Hence there is urgent necessity of developing pastures with suitable 
grasses and legumes either separately or in mixtures which would give good pasture 
growth under low rainfall conditions and which would at the same time enrich 
the soil. All available waste cultivable land in the country can profitably be uti- 
lized for the development of temporary or permanent leys with suitable grasses 
and legumes- These areas can be later utilized fo? growing other crops also. 

In. India no systematic attempts have so far been made to explore the possi- 
bilities of introducing now fodder crops either by introduction from other coun- 
tries or through explorations within the country. A small scheme for the intro- 
duction of new economic plants financed by the Indian Council of Agricultural 
Research has started working at the Indian Agricultural Research Institute, New 
Delhi. A beginning has been made in the collection of useful indigenous and 
exotic plant material including fodder and forage crops. If and when a fnll- 
fiedged Bureau of Plant Introduction which is under tho consideration of the 
Government of India is instituted, it Mill be possible to undertake, on a more 
extensive scale, the collection, study and maintenance of new plant material. In 
the study and maintenance of the material so far collected 1 the Divisions of Botany 
and Agronomy are Co-operating, tho former dealing in particular with the intro- 
duction, description and hybridization aspect and the latter with its utilization 
for fodder, forage and pasture purposes. 

I. Fodder and forage plants generally cultivated in different countries. 

Before discussing the question of new fodders for the country it would be 
worthwhile examining the range of plant mnterinl that is available for trial. 
There are two main types of fodder and forage plants vis. those grown, as field 
crops and) those grown for pastures and grasslands. The hulk of the commercial 
fodders belong to either tbe Leguminosac (legumes) of the Grnmincne (grasses). 
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The leguminous plants. Tlic various fodder yielding legumes, cultivated is diftei - 
ent countries either Bs field crops or for building up pastures and grassland*, 
are given below : — 

Common English Name. Vernacular Name. Botanical Name. 


Egyptian Clover, Berseem 

Berseem 

Persian olover 

Shaftal 

Alsiki olovor 


Rod clover 


White lolover 


Crimson clover 


Yellow suckling clover 


Snbrorranean olover 


Strawberry clover 

I/ucemt 

Luocrno, alfalfa 

Yellow alfalfa 

. . 

Yellow alfalfa 

senji 

Yellow Molilot 

White malitot 

senji 

Fenugreek 

methra, metha 

Bainfoin 


Common Birdsfort trufoil 


Greater Birdsfoot trefoil 


Kidney Vetoh 

akla 

Vetch 

Votoh 

. . 

Indian Vetoh 

khcsari 

Cowpen 

lobin 

Soybean 

soyabean 

Fieldpea 

Matri, kerao 

Glustor Beun 

guar 

Moth Beau 

moth 

Green Gram 

mung 

mtth 

Blue lupin 

• • 

Yellow lupin 


Tropical kudzti 

• •- 

Japanese kudzu 


Perennial Lespodcza 


Annual Lespodozn 


Wild luoemo 


Wild luoemo 

Sami 

Sann-homp 

Broad Bean 

Bakla 

Horse gram 

Isulthi 


Trifolium alexandrimm. 

T. resupinatum. 

T. hybridum. 

T. pretense. 

T. repens. 

T. incarnatum. 

T. dubium. 

T. subterranean. 

T. fragifertim. 

Medicago saliva. . 

Medicago lupulinn. 

Medicago falcata. 

Melilolus Indica — M. pcrvijlora, 
M. alba. 

Trigonella Jocnumgraecun. 
onobrvchia saliva. 

Lotus comiculatus. 

L. major. 

Lotus hispidus. 

L. angualifolitu. 

Anthyllis vulneria. 

Vida saliia. 

V. Fillosa. 

Lathyrus sativus. 

Vigna ungiculata — V. catjang. 
Qlycine max. 

Pisvm arvcnse. 

Cyamposis psoralioides. 
Pbascohts aconitif olive. 

P. aureus. 

P. trilobus. 

Lupinus angttsiifoliue. 

L. lutc is. 

Pueraria phascoloidee. 

P. hirsute— P. thvnberigiana. 
Lcspedeza serieea. 

L. striata. 

Stylosanthes sundaica. 

S. guyannensis. 

Crolelaria juticca. 

Faba. vulgaris. 

Dolichos bijlorus. 


Some of the above-mentioned plants vis. berseem, alfalfa, senji, metha, cow- 
pea, guar , arc classed as good fodders and arc in general cultivation as field crop* 
in different parts of India. Others like shaftal Kerao, moth, kutthi. Khcsari are 
also cultivated though on a small scalo only. Satin-hemp is sometimes fed to 
cattle in the early stages of growth when no other fodder is available. 


The grasses . — The following is the list of the members of the grass family 
which are cultivated as cattle feed in one form or another in various countries s— 


English Name. 


Vernacular Name. Botanical Name. 


Sorghum 
8udnn grass 
.Johnson grass 
Rhodes grass 
Kapler 
Kaikuyu 


juar, cholam 
Sudan ghas 
baru ■ 
rhodes grass 
hathichas 


Sorghttm vulgare. 

S. fivdanensc. 

S. halepcnsc. 

Chloris gavana. 
Penniseiu purpunum. 
P. clandesti mm. 
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Common English Name. 

Vernacular Name. 

Botanical A'ii/w* 

Bulrush millet 

bajra, hajri 

P. typhoides. 

Oats 

jai 

Avena saliva. 

Oats 

• jai 

A.sterilis. 

Barley 

jau 

Hordeum vulgare. 

Maize 

Makai 

Zea mays. 

Para grass 

« • 

Panicim baribonode. 


Samoa k 

P. c olonum. 

Guinoo grass 

guinea ghat 

P. maximum. 

Poronnial rye 

. . 

Lolixtm perennoe 

Italian ryo 

, , 

L. ilalicum. 

Smooth Broiao gross 

, , 

Bromus inermis. 

• • • • 

, , 

B. catharticus. 

Bosouo grass 

, , 

B. unioloidcs. 

Cocksfoot 

. . 

Daclylis golmeraia. 

Dnllis grass 

, , 

Paspalum dilatatum. 

Upright rnsapalum 

. . 

P. Virgalum. 

Timothy 


Phlcum pratense. 

Kentucky Blue grass 

« . 

Poa praleneis. 

Bird grass 


P. iriviafis. 

Canada Blue grass 

, . 

P. comprcssa. 

Boil Top 

. • 

Agrobtis. 

Canry grins 

• • 

Phalaris canaricnsi <t. 

Trowoomha rnnarj .* r.v i 

m . 

P. tuberosa. 

Banary grass 

. . 

P. bulbosa. 

Roed canary grass 

, « 

P. arundinacea . 

Canary grass 

. . 

P. stmopltra. 

.... 

. . 

Ft sluca gigantic. 

Toff 

. . 

Bradtypodivm phocnicoidcs. 

. . 

Eragrostis abyssinica. 

African Lovo grass 

, , 

E. Our vula. 

Lehman Love grasss 

. # 

E. hhmani. 

Molasses grass 

. . 

M clinis mimilijlora. 

Carpet gross 

. . 

Axonopus comprcssus. 

Sweot vornol grass 

• • 

An(ho\anlhum odoatum. 

Slender wheat grass 

• . 

Agropyron (cncruin. 

Crested wheat grass 

. . 

A. cristatum. 

Couch grass 

• • 

A. donga turn- 

Intermediate wheat gras* 

, , 

A. intermedium. 

Wild ryo grass 

• . 

Elymus junccus. 

Toosinto 

, . 

Euchlacna mczicana. 

Giant star grass 

• • 

Cynodon plcctostachyum. 

Bormuda grass 

dub gbas 

C. daciylon. 

Natal grass 

, , 

Triclolacna rosea. 

Italian Millolt grass 

Kangni 

Solaria italiea. 

Perennial Veldt 

t . 

Ehrharta cal vein a. 

Mondaw Fox 

, . 

Alopccvrus pratensis. 

Tall oat grass .... 

(fnjan 

Arrhcnetherum claims. 

unjan 

Canchrus ectigarus. 

.... 

U))ang 

C. ciliaris. 

Dicantbixnn annulatum. 


In Indio (he more important fodder grasses grown as field crops arc juar, 
maize, outs and barley. Some of the exotic grasses introduced in recent years. 
viz. Guinea grass, Rhodes grass, Napier grass, Sudan grass, etc., have shown 
promise of becoming commercial fodders. Most of tlie grasses included in the 
above list are grown in various foreign countries for pastures and for grassland 
fanning in general. As the establishment and improvement of pastures and 
grassland have so far remained neglected in Ibis country few opportunities bnvc 
•■risen for the systematic study of the important grasses mentioned in the list. 

In the Division of Agronomy the wide collection of indigenous and exotic 
grasses is particularly interesting. A reference to this collection has beta mad* 
hi « separate note, prepared bv Dr. Mirebnudani and' Dr. Dabadgliao of th« 
Agronomy Division. Tn the Division of Botany several legumes and grassoit 
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witli fodder potentialities axe under preliminary observation. These ^include 
among grasses species of Agropyron Aegilops, Bromus (Brome grasses), 

Loliurn, Eragrostis (Love grasses), Molimus (M. minutijlora the grass which is 
said to keep away licks from the cattle fed on it), Paspalum, Penmsatum, Cyno- 
don. Some of the useful Himalayan fodder grasses viz. Penmsatum oriental, 

A phi da aristalo, Chrysopogon grylus, Bromus unioloides and others are m he 
process of acclimatization. Among tlio legumes study of the. much-talked of 
Lcsvodeza (L. sericoa nndi L. Striata) arid kudzu (Tropical kudzu, Pummo , 
phascoloids and Japanese kudzu, P. hirsuta) as also the lupins (blue and yellow), 
has been taken up along with others. A number of wild 1 species some of them 
closely related to the commonly cultivated fodder legume partmclarly those be- 
longing to Medcago, Trigonolla, MaJilotus, Grot diaria, Plwscolus, etc., are also. 

under observation. 

IT. The exploration arid introduction of New fodder. 


(1) Exploration of indigenous plant material .— Having recognised the urgency 
of introducing new fodder plants which would be able to grow in areas not ordi- 
narily suitable for growing the more common food crops, attempts should he 
made to collect and try new fodder yielding species from within and outside the 
country. Whilst a certain Amount of improvement can be affected by the intro- 
duction of exotics it is to be expected that the greatest benefit is likely to accrue 
from the introduction of suitable idigenous material. Thereon obvious advantage 
with llio indigenous species is their easy acclarnilization. The wild white clover 
(Tri folium ripes) which is native to Britain is now recognized ps one of the im- 
portant plants avail able to the farmer in that country. It possesses many valu- 
able attributes lacking in the ordinary or cultivated varieties of white clover. 
This and the red cover species (T. pratenso) grow wild in the Himnlayan ranges 
as well and it may be worth-while experimenting with them. The same can be 
said of the grasses. We have several of the grasses nnd legume species mention- 
ed earlier and also many more closely allied to them growing wild which can 
proride the necessary material to start with. The foreign strain of this species 
may have some advantages on account of the improvement effected through .con- 
stant selection and breeding. But it may be possible to evolve still more promising 
stocks from our own material if proper attention is paid to the problem of strain, 
building. Many of the indigenous grasses have been under trial and whereas 
several of them have sliown high nutritive value the low yield of fodder .has been a 
limiting factor. Yield can however he appreciably increased by further work in 
the direction of strain building. 


(2) Introduction of foreign types . — It is possible that some of the introduced 
foreign strains mav establish themselves successfully in -the new surroundings. 
Diming ihc past one hundred years or so strains of grasses introduced from 
Burope by the Foiled States of America have become wildly established. Some 
of the plants not already tried hut which have proved useful elsewhere may be 
worth experimenting with in this country. In New Zealand the Greater BmBs 
foot. Trefoil (Loins major) lms bpon found useful in the improvement of marshv 
or peaty and where other legumes did not thrive. Sainfoin. Onobrurhis sativu 
grows well under low rainfall conditions. In Hungary there is available a highly 
alkali-resistant grass Atropis hmosa. Trial of manv of the South African grasses 
from drought-resistant areas would appear to bp advisable. 


Some renorls on the trial 5 - of some of the exotic material mentioned earlier 
carried out hv various agricultural departments and institutions in India arc 
available wh'eh show that many of the earlier introductions were discarded ns not. 
promising for one reason or ihe oilier. One reason for this, situation may perhaps 
bo lark of information on the ecological nnd cultural requirements of the intro- 
duced species. Different species may suit different region* so that regional 



requirements have got to bo worked out in tho first instance. Ecological studies 
can- make valuable contributions towards the successful di-velopmrnt 
of pastures and grasslands which are so much needed in our country. 
In this connection introduction and differentiation of different ecotypes 
of individual species can go' a long way in fitting in now forage p’ants with new 
localities thereby extending the range of cultivation of fodkr plants. Here 
again may he emphasized the importance of indigenous manorial because of 
natural releetion over a long period of time has created much better stabilized 
cco-types of the species growing void in different habi'-atus. The established 
regional races of Phloum pratenso (timo'hy) in Scot'and and Tr l folium pratenso 
(Red .clover) 'n England are perhaps the most strik : ng examples of ecotype 
formation. In <he ease of Kikuyu grass ( Pennisctum eland ci>timm) the well- 
known African Pasture grass which could not be previously grown outside 
limited localities in Africa is now extended to large areas as a result of the iso'a- 
fcion of three ecotypes'. The failure of earlier attempts in the introduction of 
now fodder plant may be attributed partly to the non-availability of a Avild range 
of ecotypes. 

For successful introduction of new plants it is desirable that the material is 
studied more systematically from different points of view some of which are dis- 
cussed below : — 

(a) Relevant data siould be collected regarding the palntability, digestiblity, 
nutritive value, resistance to diseases, drought and cold, tolerance to extreme soil 
conditions, summer growth, recovery value, seed sotting, etc. 

(b) Seed Production . — Production of viable seeds in appreciable quantises 
is an important factor in the successful cultivation of forage crops. V may be 
necessary to find out suitable areas for purposes of seed product’on. It is often 
seen that in most cases seod-setling is defective which may be due to various 
causes. Sterility is one of the cli’cf obstacles to seed products n. Trifo'ivm 
pratemc (red clover) which is almost completely se ,p -sterilc. wh°n fi~st introduce- 7 - 
into New Zealand failed lo set seed owing to the absence of suitable insects and 
the importation of live humble bees enabled seed crops to be. grown. The ft'eri- 
lity factor is operating in the case of many of the grasses and legumes. In the 
case of berseem it has been observed that seed setting is more in arms where 
pollinating insects are in abundance. Seed setting experiments on bers-em 
earned out at the Division of Botanv, Indian Agricultural Research Inst'tule. 

■have established the importance of pollinating bees in brimring about s°ed-sett.inar 
in this plant. A significant increase in seed-setting was obsptved in the case of 
plants enclosed in cages with bees ins'de while very l'ttle seed was obtained f-om 
the plants kept as controls. Hence it is necessary to study the life history of a 
new plant under the prevailing conditions with particular reference to reproduc- 
- tion. 

(c) Seed inoculation' and. manuring of legumes . — It is now an established 
fact that the tm© performance of n legume cannot bo judged under ordinary 
conditions of cultivation. The exotic legumes being not native the correct strains 
of root nodule bacteria are generally lacking with the result that such plants 
not grow luxuriantly and also fail to enrich the soil with nitrogen. Again the 
growth of legumes in general is appreciably increased by the anpliearion of 
phospliatic manures. It may therefore he pointed out that all these lpgmncs which 
were tried earlier but which were abandoned should be retired keeping these points 
in view. 

(d) Resort to hybridization .- — The new material may be utilized indirectly for 
the breeding of improved strains of the existing crops or entirely new crops through 
hybridization. Crosses between indigenous and exotic varieties or ecotypes as may 
he more appropriate to call them, may result, in really useful plant material. 

L1GICAR 
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Interspecific and intcrgencric hybridization may also be worth trying: out. The 
„\u , a f m-nrhieed hi Russia ns a vcsu.t, of crosses between wheat and 



os 

and 


plant suitable for certain — . , 

bv Jannaki Amina? at the John Inns Horticultural Institution and named 
Merton grass is reported to be a potential fodder. The sugarcane-sorghum 
sugarcane maize hybrids produced at Coimbatore deserve further experimentation 
from the fofider point of vk Similarly the genus Medicago to winch belongs 
the alfalfa, furnishes other related species which if crossed successfully may yield 
improved fodder varieties of alfalfa. Mention may here be made of Med'xago 
qlutinosa, a native of Caucasia and Medicago carsticnsis a native of Mediterranean 
region which are very dense and leafy legumes. Another species Medicago arborca, 
the Tree lucerne as it is called o u account of its more bushy lmbit may also be 
useful in this respect. 


The indigenous cane Sarchantm barberi which can bo used as a profitable 
fodder may yield suitable fodder typos if the neceisary selection and breeding 
work is carried out. 


III. Plants other than grasses and legumes. 

In India the fodder yielding plants are mostly legumes and grasses. Thera 
is yet another class of fodders — the root fodders which also deserve our attention, 
The more important root fcnldeis worth trying arc mangolds, swedes and turnips. 
Sunflower has also shown promise of being a good fodder plant under certain 
conditions. Several improved fodder strains of sunfibwer have been evolved in 
foreign countries which could be introduced with advantage. Pumpkins nnd 
motors can nlso be utilized as fodders. 


Subject Kb. 6(C ). — Crops and Soils Wing Meeting, April 1948. 

THE HOLE OF HONEY BEES IK THE SEED PRODUCTION OF FODDER 

CROPS 


lJT 


E. S. Karaganda, ALA,. Ph.D. (loud.), D.I.C. ( Lovd .) FJt.E.S. Expert and 
Honours Lecturer, British Bee-keeper's Association Parasitologist , Incharge , 
Entomology Division, Indian Agricultural Research Institute, New Delhi. 

Bee-keeping is well known as a fascinating hobby providing the bee-keeper 
ir.-b one of nature’s finest foods. The importance of bees in the production of 
better fruits and better and larger quantify of seeds is not sufficiently appreciated. 
Pastor Sprengel, a naturalist at the close of the lSfh eentnrv first discovered that 
Hie uuKfiB earned pollen from flower to flower in the same or different plants. 

. f importance of tins remarkable observation was not appreciated, till Darwin 
•sixty years later convincingly showed by an array of fnefs and observations the part 
played insects in cross pollination. Hnyclnk beautiful describes “bees ns high prie-ts 
of nature mat marry one flower to another and for their service thev receive a feo 
m pollen and nectar In C"uo it was found out by experiments ‘jn thc field in 
suitable cages tlmt in the case of alsike clover that in those cages where pollinating 

S' T B oT n , nlCnt I,e ?-T cre cxeluc1 ^ average seed production per 
‘ ^ ", ^.’ iere as ln tfiosc cages which were pollinated bv bees the 

? Cr 1 ™ 120 t0 125 S(?e(ls P er This experi- 

be ™ Lv clearly the importance of bees in seed. production. Tt may 

ner^eenf Led 5* n th ° if® ° f cIoVor tlle is interested in getting 100 

pel cent, seed set while in the case of horticular indiistrv— sav apple, the farmer 
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would be more than satisfied in four per eent. of the blossoms on an average bloom 

- set fruit. It was also found out in Ohio that one acic of bloom of alsike clover 
contained 300,000,000 to 500,000,000 florists. It was found that an abundance of ■ 
bees in having alone could ensure the pollination of this sea of blossom. It was 
also calculated that v hen the seed that set in a head was 50 the seed-yielding 
capacity of ono acre was 5.8 bushels. If it was 90 seeds per head the yield rose 
to 10; 4 bushels while in the ease of 120 seeds per head the yield was 13. S bushcls- 

Both Lucerne and Berseem that are largely grown in this country as fodder 
crops, arc self sterile and arc largely dependent upon insect pollination to ensure 
cross pollination and subsequent sepd set. Each nci’o of Lucerne or Alfa 1 fa will 
contain 200,000,000 to 4000,000,000 individual florets and the enormous job of 
pollinating each floret becomes manifest. Only the bec& with llvcir tireless energy 
eon accomplish this formidable task. The flower structure of these fodder crops 

- is such that only insects with long tongue car uollmate them. It is a well known 
practice in New Zealand and Australia to keep colonies of bees near the elovet 
fields. Often times the beekeepers arc paid for keeping bees in the vicinity of 
tne field. On an average four colonies arc suflieient per acre. In some parts of 
our country’ the berseem does not set seed and the chief cause for this has been 
found to be the lack of pollinating insects. In an experiment that was conductee.' 
in the Botany Division of the Indian Agricultural Research Institute, it was 
fouud out that honey bees formed tho chief and important factor governing Ui6 
setting of seeds. 


For official use only. 

Subject No. 0(C ), — Increasing the production of fodder by irtrodue ug new f-dd'-r 
crops and improving the existing ones . 

Introduction. — The improvement of livc.-ti ck in any country has to he brought 
about by proper breeding and feeding. This no'e deals with the feeding aspect. 
It is an admitted fact that the fodder produced in Inrl'a in the majority of cases 
in poor in quality and far "below the normal requirements in quantity. This 
quantitative insufficiency and the low nutritive value of the staple fodders art 
recognized as the chief causes for dc'eriora'ion of cattle. Most of (he cattle of 
our country are underfed and unearrd for and the hulk of them are let loose in 
the village common or poronibol-es to fend for themselves. The main roughnge 
is the dry straw of paddy, wheat, cliolmn, ragi, cumbn, tenai, varagu and samai, 
left over after thrashing the grans which thus forms the by-products in the culti- 
vation of these e.rops. They’ arc highly deficient in protein and other' nutrients. 
The practice of mis'ng fodder crops and, feeding them green is rare and met with 
only round about towns where tiny find ready market. In the villages even jC 
green fodder is availnb’c, it is generally g’ven to iu'lch cattle. Regular well laid 
pastures are quite unknown in mo*t of the Provinces. Hence in our country there 
is urgent need for increa-ing the production of iodder in all possible ways, and 
thus help in improving 11 o condition of our great wealth of cattle which is esti- 
mated to be over 215 millions in nu nber. 

The following suggestions with special reference to Madras Province are 
offered for 'increasing the quantity and quality of fodder for feeding our entile. 
Table I gives the approximate quantity of fodder produced, the total number of 
cnftle in the Province, the rate of roughage and concentrates available, etc. It 
will lie seen that the total quantity available 'in Madras is much too little for tho 
present stock. . - . — * 
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The present dearth of fodder can to a very large extent be vemc.d.tl oj* blhig- 
ihg more area under fodder crops, raising improved varieties of the fodder gi'ovvn 
-at present, by introducing new forage crops that could be cultivated under more 
adverse environments and lastly by economic utilization of the available fodder, 
fn recommending a forage crop, several important factors have to be borne in 
mind. It should he palatable, nutritious and capable of being grown in a short 
oeriod of time. The eul'ivalion expenses must as far as poss.ble be the m uim ,iu 
and the crop high yielding so as to give ft good return. The phys:oh<g.oal 
characters of the crop and their adaptability to the el malic and soil conditions 
have a'so to he considered. They should not be injurious to cattle, when fed green 
or dry. The s'raw which forms tile bulk of the feeds supplies not only, the 
nutrients but also part of the nrneral compounds required to keep the animals 
alive and fit for work. So they should} be ri-.li in proteins prd mineral contents. 
Vitamins and carotene which are highly es ont : al for milch cattle aid growing 
animals sliou'd also be available. A part of the nutrients nv d minerals c-n be 
supplied in the form of concentrates. But actually the majority of the cattle do 
not get any concentrates, and have to depend entirely on straw. • Hence P is all 
the more necessary that s i a-,v of good quality in sufficient quantity should be 
produced to feed the livestock. i 


Potentialities of millets as fodder crops . — Among the graminaceous plan(9 
generally grown as fodder crops, millets possess most of the desirable characters. 
They are comparatively cheap, heavy yield : ng, drought resistant and drought 
evading, and capable of growing under varied conditions of soil, climate and 
derations. They may be cut and fed as green fodder or converted into hay and 
straw for later use. They grow Very quickly, pariiculaily the paniemn m’fiefa, 
and may be used* as catch < rops. Their adaptability to all types of so'is from 
the heavy black cotton to l«>ht sandy, or gravelly soil is rarely met witli in other 
groups. They arc less exhausting and require much less attention than other crops. 
Some species of millet? are found in places of high rainfall, and some others in 
areas of very low rainfall. IVh’le cpria-'n sperms are highly druiitrht resistant, 
certain others can withstand water logged conditions. In nulvitive value. I'mv 
compare very favourably with the other fodders as given in TuMn TJ and the 
draw of most of the miliets is considered superior to paddy straw. The following 
mi lets will serve as good fodder crops : — 


Sorghum (Jowar ). — The most important of Ihe fodder crops grown ; n this 
Presidency is cholnm. It i.s grown purely as fodder crop in parts of Guntur. 
Nirina. Coimbatore. .Salem. Rainund, Triolrnopoly. Tnniere. Madura and Tinnc- 
vellv. There are litattv different varieties suited to different e'im*tic conditions. 
Sora-hnm is vrrsnfi'p. oifek growing, responds w«R to manuring andi irrigation, 
ejid >s ;>ti excellent fodder, whether fed given or drv its straw- or hire. If aho 
rveel ent, for ells la nr Tim varhfv known as Irungu grow'n in Madura’, Tintu*- 
velly and parts' of Trielunopoly is very pakdnVc and has been introduced 5n f o 
tin* Punjab frem Madras. Another good vnric'v is the Pcrinmnninl cholmn of 
Coimbatore which is very popular as a fodder crop almost tlwomrho"! the Presi- 
dency. Both the given fodder and the dry straw of tlrs vrtriefv n”c highly es ,r eirt- 
ed by the farmers. The preen forage is wofi relished, bv cattle and the y : old is 
heavy. It can withstand severe drought. Cholnm fodder is very good for mileh 
cattle and work animals. In North India during famine ve-rs sorghum played 
an important part in ’saving the greater portion of work rattle. . It is an excellent 
Storage crop and the straw remains in good condition for mnnv venrs. if proppriv 
dried -and stocked Feeding trials lmv e proved that though the s'raw of wh-e* 
hud cholnm are relished by cattle, except for the fibre content, the nutrienhs of 
jomir straw are hotter Rested than that of wheat s'raw, and in g-nernl cholam 
f.tiaw supplies more energy than the other cereal straw. The nutritive value Of 
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gl'con eholatn fodder I ns .been found to be fariy high. An average crop yields 15 to 
20 tons of green fodder under irrigation. A crop may easily give 0.000 lbs. .of 
dry- si raw. The high percentage of prussic acid in the immature crop renders it 
harmful to cattle if fed befort (lowering, Hence eholatn should be used as green 
i’odSser only after the plant flowers. 

„ The' wild sorghums pro cqnally valuable as fodder crops. The most import- 
ant among Ibis group is the Sudan grass (S. sudanense) which is used for pasture 
forage anti hay. 1( provides complete nutrient to stock, has a protein contrnt of 
4.6 per cent and is vary popular. This species grows in soils suitable to sorghum, 
is quick in growth, and under irrigation it gives 4 to 5 cuttings in a year. 

Johnson grass (S. halepmse ) — is nno'her wild sorghum wh'ch gives licav* 
yield of succulent fodder. It is perennial and highly drought, resistant. But it 
cannot be recommended for cultivated lands, as it cannot be casilj' eradicated later 
when required. 

Pearl millet — Cinnhn (Pennine turn typhoid '•$).■ — Cumbit (Bajra) gives an 
excel’cnt green fodder which is succulent and very palatable and has a protein con- 
tent of 11.9 per ceil*. As it responds to raloonulg, it yields two to three cul'ings 
per year and (bus gives much more green fodder than eholam. It has given more 
than 90,000 lb. of gmn forage in two to three cuttings. This millet is fairlv 
drought re? «f ant. qu cl: growing and comes no even in light gravelly so 's. Jt is 
grown in cattle breeding tracts famous for Alambadi and Xangnynm animals and 
j c fed to. growing animals and work cattle. The Nad am cumbit of 11 nram uram 
is h gli'y tillering and ; n much valmd as a fodder. It is valued m re as gr.-^n 
fodder, as matur-ty and drying make the straw coarser and less palatable- than 
gjeen fodder. 

Jlagi ( Elen. sine en^acava ) . — This is essentially a gra : n crop ard is never 
grown purely for fodder. It is cultivated under dry or irrigated condit’ons and 
the green straw left after the ears are cut forms an excellent feed. The straw 
of this millet is low in fibre content, easily digested ami very rich, the nutritive 
rat o being 1 : 4.5. It is belter than the straw of paddy and) many of the millets, 
and if stacked for some monMis, its fodder value improves considerably. The yield 
of both grain and straw is heavy under favourable conditions. 

Italian Millets — ( Tenali Sotaria italica ). — Though tencii gives much less straw 
than eholam , cumhit or rapt, its capacity for rapid growth, high drought resistance 
and freedom from pests and most of the diseases enhance its value ns n fodder 
crop. The peroentngc of protein in this also is fairly high. When cut as green 
fodder, it is very paint ab’e. This is ready for cutting ns green fodder in alxmt 
six weeks after ‘■owing and an average crop grows up to a height of 5 feet and 
.V.clds 8,000 to 10,000 lb. of green fodder per n>*re. The dry straw is in great 
demand, when ‘here is a fodder famine. In the Rel’nry black soil area, •where rabi 
jouar is a gamble, it is a common s glil in village to imvc stacks of Italian millet 
straw as fodder for rattle. 

Kvdirarili ( Eeli "nr, clou frtnnentncra ). — The barn yard millet, ns it is popu- 
larly cnl'cd, h one of the useful fodder crops and can grow in poor soils and under 
vile". logged conditions. Tf is olio of the quickest growing millets so far known, 
stools wcl\ and recovers runarkab’y after grazing. This is successfully g**own In 
many porls of 4 he worid. As n fodder crop, during the hot weather it .is quite 

successfuj in Sind. In United States of America, this is considered ns the 

best late season feed, taking the place of maize in places where the latter could 
not he grown. This millet is grown extensively for fodder in Queensland. Tho 
straw of this is usedi in Madras and lifvsoi’e as cattle feed, hut is considered inferior 
to ragi straw. The chemical analvris shows that as green forage, its nutritive 
value is high and that it, contains 15 per cent, dry matter and relatively low per- 
centage. of ovude fibre. It is richer in non-nitrogenous substanco than paddy. 

Wheat or rye straw in about 50 days after sowing it is ready for cutting and gives 
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10 to 12 tolls o£ very palatable greeu forage. "When grown for gran, it yields - 
2,000 lb. of dry straw also. 

Pamvaragu (Panicum miliacctm)'. — Universally accepted as an emergency 
fodder crop, this grows more quickly than any other millet and matures in a very 
short period. It yields about 30,000 lb. of green forage and 7,000 lb. of dry 

straw' under irrigated conditions and about half of it when groivn dry. It is 

capable cf gathering and utilizing plant foods from a variety of soils, and the* 
fodder contains nearly double the dry matter of that sorghum. It is superior to 

the great millet in nutritive .value and compares v«ry favourably with maize. 

Samai ( Panicum miliare) and Varagu ( Paspidum scrobimilatum). — These can 
also be known as fodder crops. Paspalum is one of the valuable pasture grasses 
in the South-east Queensland.. In India it is popular in the sout hern _dis trie's and 
portions of the Ceded Districts; While P. miliare is rather a delicate crop. Pas- 
palum scrobiculat%m, on the other band, is perhaps the hardiest among the millets. 
The latter comes up under wa*er-logged as well as droughty conditions. Its capa- 
city to thrive even in the poorest soils is fully utilized by the farmers. As with 
the grain, the straw is also a famine reserve. 

Improving the ejnsting fodder varieties. — The importance of the produc'iou 
of improved varieties of fodder was recognized very early, and much work has 
been done at the Millet Breeding Station, Coimbatore, in this direction. The 
earliest efforts were made through selection and hybridization. From a study of 
the local varieties and world collections for their suitability as fodder types, cer- 
tain desirable selections were isolated. In sorghum, the pithy and juicy varie- 
ties arc differentiated by the colour of the midrib of tlic leaves, the pithy having 
white midrib, while in juicy it is dull green. The juicy types are found in the 
Deccan. The sorghums in other parts of the Presidency arc mostly pithy 
stalked. The pithy is a monogenic d nninnnt to the juicy type. For the selection 
of strains suitable for foddbr purposes, fourteen varieties of cholam were studied. ■ 
In these, the percentage of juice in the stalk at grain ripening stage was found 
to range from II to 20 per cent, in the pi'hy, and from 30 to 4G p~r cent, in the . 
juicy types. Most of these had good sucrose content a 1 so. The juicy varieties 
are well relished by cattle, but they are generally poor yicldcrs and have less sur- 
vival value. So by hybridization, the desirable characters, such as juiciness and 
sweetness in stalks, were combined with li'gh yield of both grain aud straw. The 
juicy stalked Telia jonna types of Bellary are not Gt for Knrnool or Coimbatore. 
So the need for the evolution of strains for the different tracts has been recognized 
and included in the programme of investigation. Such typos have been evolved 
and are available at. the Research Stations pt Coimbatore, Anakapallc, Gunuir, 
Hagarj and Koi'patti. 

^ The follow'ng are the improved fodder strains of sorghum available at the 
Millet. Breeding Station, Coimbatore : — 

Co. 10. — Th's is a iuiev sfa’kcd mutant from a Tatcha jonna selection of 
Knrnool possessing all the desirable qualities of n fodder type. The plnnls of th's 
strain arc pigmented reddish purple and have juicy stalks with high sucrose, con- 
tent. ’ It enn be cut for fodder ; n about 3J months and g'ves 30,000 to 50.000 lb. 
nf gree.n fodder. Co. 11 is another fodder strain of Patella jonna having a shorter 
duration and yielding 13.000 to 17.000 11). of green fodder. These iuiey stnlkc 1 
fodder sf ra ns Co. 30 and Co. 11 are superior to the pithy atalkcd Pcruimunjal 
cholam in juiciness nnd sweetness of stalk. Co. 10 grows tall and gives a heavy 
tonnage of fodder, it being 30 per cent, more than that of Pcriamanjal. 

The sorghum' straw may be reddish purple, blackish purple or brown in eolour 
The straw of reddish purple type is considered! heater than that of the others. 
Most of the varieties of sorghum grown in the districts of Salem, South Areot, 
Tr*ehua op o 1 y , jladura, Gireiors and the Ceded Districts have reddish purple sheath! 
while the majority of the types grown hr Tinnevelly and parts of Raranad. Madura, ' 
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North Arcot, Cliittoor find Salem have blackish purple sheath. Tile Periamanjal 
cho-juu strain Co. 1 gives high yield of both grain and straw, but the straw is 
blackish purple in colour and is not relished as well as red straw. As a result of 
hybridization, promising selections with reddish purple sheath and juicy stalk 
have been obtained and are being tested for yield. 

The straw of Talaviriekm sorghum grown in tracts dose to the hills is mostly 
brown in colour and poor in quality. As the cultivators in these areas get plenty 
of hill grass Cor their cattle, tho straw’ of this sorghum is used for .the thatching 
or burning as fnel. Crosses made to evolve a juicy stalked Talaviriekm were 
successful and three valuable selections are under yield tests. A juiey mutant in 
a Talnvirichnn selection. Muthyala jonua, has been found to bo promising and} 
this is also being tested for yield. 

Kaki junna is one of the important fodder varieties grown in parts of Cliittoor, 
North Arcot, and Salem districts. It is vigorous in growth, but the stalk is pithy. 
To improve the fodder quality of this variety, it was crossed with the Honey sorgo 
of America and the progenies arc being studied for selection. 

Work on the improvement of the straw of irrigated varieties by hybridizing 
thein with suitable juicy types is also in progress. 

As a result of intensive study' and careful plant breeding it has boon possible 
to evolve improved varieties of fodder in sorghum. The account given abovo 
allow; clenrly flint plant breeding forms the best means of improving both tho 
quality and' quantity of any fodder crop. The present scarcity of fodder can be 
overcome' to a considerable orient by popularizing these improved varieties of 
fodders, and aluo by fully utilizing the possibilities of other millets as fodder 
inops. 

Table I. 

Total population of cattle. 

(a) Oxen . . . . .. . . . . 10,354,014 

(b) Buffuloos .. .. .. .. 0,289,325 

Total . , 22,044,230 

Total quantity offectls available. 

Kind of food. 

Dry roughages . . . . . . . 

llhnsa of pul <rs and miscellaneous, green fodder 
Natural grass from pastures . . 

Concentrated feeds . . 


Quantity of fodder available per head of cattlo . . 

Avorago quantity Of dry rougliago required for a 
healthy' animal 

Quantity of concentrates required per day , . 

Total quantity of rougliago required at this rate of 
feeding . . . . . . 

Total quantity of dry rougliago availnblo 

Deficit 

Concentrates — Quantity required . . 

Quantity available 

Deficit 0-8 or nearly 1 million ton. 

(Based on figures given in “Rural Problems in Madras’ ’ by' S. Y, Krishna- 
tswainy, 1947.) 
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Taule 1 i. 

A ecrage coni position of fornarx. 

Total Digos- Tofci 1 Nutti- 

dry tiblo digos- tivo Calcium. Phos- 

mattor. protein, tible ratio. p.iorns. 

nutrients. 


A. Dry Roujhagas. 


Grass straw 


85-0 

1-8 

40-0 

21*2 



Sorghum foddcrf(swet) . . 


89-2 

3-0 

52*7 

13 * 0 

b'4D 

6*14 

Feral millet 


87-2 

4-2 

49*8 

10*9 

, , 

, , 

Hungarian millet (Tcnai) 


90-0 

5*2 

51*5 

S *9 

0*30 

0 - 1 “ 

Bam yard millet. (ICndiraivali) 


80-5 

5-1 

47*3 

8*3 

■ f 

0-20 

Broom corn millet (Panivaragu) 


00-7 

5-3 

51*8 

8*8 


0-19 

B. Green forage. 

Pasture grass 


30-2 

3*3 

19*0 

4*9 

0*15 

0 - 01 , 

Sorghum fodder 


23 -G 

1*3 

13*5 

10*9 

0*04 

0-38 

Peral mdli t 


18-7 

1*1 

11*9 

9*8 

. . 

0 - 07 . 

Hungarian millot 


29*9 

1*9 

19*1 

9*1 

0*30 

0-12 

Barn yard millet 


21-7 

1*0 

- 14*2 

13*2 

0*11 

, 0-07 

Broom com millet . . 


24-7 

1*2 

10*2 

12*5 

• • 

0*05 

C. Silage. 

Sorghum (sweet) 

. * 

25-1 

0*8 

15*1 

17*9 

0*07 

0-01 

Sorghum (grain varieties) 

• * 

31*3 

11 

17*8 

15*2 

, , 

. * 

Millets . . . . , . 

• , 

31-3 

1-6 

17*5 

9*9 

0*31 

0-12 


Feeds and feeding — Morrison 1930 ; pages 954 — 970. 

Agricultural Department, Madras, C. VI JA YARAG II AVAN, 

21th December 1947. Millet Speci.tli t. 
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BOARD OR AGRICULTURE AND ANIMAL HUSBANDRY IN INDIA, SOIL 
AND CROPS WING MEETING, APRIL, 1948. 

v A NOTE ON SUBJECT No. 7. 

J Rotation of crops which will give the best results in an it ligation intensity ftom 

35 to 70 acres out of 100 acres; * • ' 

BY • . . ■ 

V. N. Lahslmana Jiao, IB. A., B.E., Superintending Engineer, Lakkavali Reservoir 

Works, Mysore State. 

Introduction . — A number of irrigation projects, ore now bemg taken up all 
over India, with a view to step up the growing of Pood Crops. In order to utilise 
the stored water under these various schemes to the he'd advantage, and to spread 
out the benefits of Irrigation over as‘ large an area a« possible, the evolving of a 
carefully planned system of crop-rotation suitable to the aica, and its introduction 
into the project itself become an important necessity. 

Object of ct op rotation . — In the tracts where only Sug>>r-Cane and Paddy 
have been the ruling eiops under Irrigation, both being heavy consumer*, of water, 
the extent possible to he irrigated becomes very limited, under any given Irrigation 
Work. On the other hand, if the cane and paddy crops are rotated with other 
dry and semi-dry crops the water consumed will he less and the benefit or irriga- 
tion can he extended over a much larger area, with the ‘■nme amount of water. 
Besides economy in use of water, the Rotntion System produces other benefits. 
The alteration of henvv and light irrigated crops reduces water-logging and conse- 
quent soil deterioration. The soil fertility is maintained by the intervening of 
manorial and regenerative crops between soil exhausting crops. More than all. 
that dread of Malaria which is in c cparahly assorted with heavy irrigation will 
have been averted, which is a great advantage. 

Before introducing anv system of crop-rotation in an irrigation tract, the 
general procedure is to conduct a thorough soil-survey of the area to demarcate 
the deep and superior soils from shallow and inferior ones, only the former being 
suitable for inclusion in the system, This is necesmw since the soil is to be suit- 
able for Sugar-Cane, and when Sugar-cane is not grown, for an intensive culti- 
vation of a number of short-term money-crops, to give an equivalent money yield 
in the same period. It will be uneconomical to apply irrigation water to inferior 
soils. 


The areas thus selected are divided up into blocks or irrigation units which 
are further subdivided into as many sub-blocks ns there are kinds of crops in a 
cycle of rotation. The crops are alternated in each sub-block aceoiding to a 
planned system of rotation and the water supply from the channel is corres- 
pondingly regulated for each sub-block, to suit the particular crop dining the 
rotation. 

Requirements for a satisfactory system of crop rotation .— For a successful 
working of the rotation system under anv irrigation work, the following condi- 
tions are to he fulfilled. 


M The water requirements of the crops taken together, at anv portion of 
the ^ ear should fmriv fit in with tb P water n\.iilabib»v conditions in the Reservoir 

JT, tn J l,( * ol ;T ,Pl of in that period of the vmr. For instance, 

ine <li mi off tin* to bn much less ln rammer than >V> the monsoon s**es 0 ’f. Also 

rnnfrnTyjI fho ™ h - J >! oc *:l ** *neh ns to admit of msy regulation and 

control, of water while distributing it from the channel branches 1 0 the fields. 
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(2) ’* I lie; crop's- proposed should ns far as possible be such ns arc already 
prevalent -in the .locality,- since the ryots seldom lake kindly to the crops to the 
cultivation 'oi which they are- not accustomed. 

(3) it lie Division of land into blocks and suh-hlocks for puipcisos of rotation 
is to he >so manipulated' as to make it possible for any ryot with a fair amount of 
holding- to gel- portions of his land under all (ho 3 or more ditferent crops forming 
the cycle of rotation in any year, instead of all his lauds coming under a single 
crop in any particular season. The primary needs of a Fanner may be summed 
up as 3 F V, j>. Food, Fodder and Finance, and unless all three kinds of crops 
forming tlio rotation are grown by him each year, his essential needs will not be 
satisfied. 

(4) ‘The rotation of crops may he, as far as possible complimentary or sup- 
plementary in character i.c. deep voolcil crops io be alternated with shallow root- 
ed ones, fertilising crops to follow heavy feeders and so oil. 

Triennial system of rotation tinder Irwin Canal . — One of (he large Irrigation 
Works in winch such a system of crop rotation has already been introduced and 
is in, vogue for over a decade is the Irwin Canal, drawn from Tvvislin nra j asngara 
in 'Mysore Slate. The system adopted is a Triennial Rotation of 3 kinds of crops, 
Sugar-Cams Paddy and light irrigated dry crops, so that in any single year 1|3 
of the t.olnl urea comes under paddy synchronising with monsoon period of July 
(o December, 313 of the area devoted to money crops like Sugar-Cnne, with an 
intermittent supply of water for 34 to 15 months and the remaining 113 left over 
for cultivation of dry crops with light irrigation. 

Certain working difficulties met with in the operation of the Rotation system 
under the Irwin Canal may he mentioned in this connection. 

Firstly it was no easy task to divide the area into blocks of suitable sizes. 
From the cultivators point of view the ideal method is to allow each man to 
divide Iiis holding into 3 parts and put each under a different system of irrigation 
by rotation. For this, small sub-blocks of 50 acres nnd less were formed first, 
but such a eouvM* was not found practicable, as it would not fit in with any easy 
method of control nr regulation of water in the channels ; and secondly it was not 
good for tht crop it-rlf since Sugar-cane and dry crops cannot thrive well side 
by sh'c with paddy. Moreover it was not easy to watch that the entire holding 
oi' n cultivator was not put under paddy or cane alone. 

On the other hand from (he [Mini of view of easy control of distribution of 
wider it would bo convenient if nil lands irrigated by one branch are pul under 
one kind of crop bv rotation, so that the supply could be controlled bv operating 
the Head Sluices. But in such a ca«o when a Head Sluice commands 500 to 1,000 
acres, the bringing in of all the area under a single crop, in any one season, 
necessitates n great hardship on the cultivator. Hence these two extremes had to 
be reconciled. 

The serond difficulty was in the fitting in of paddy in rolation with the oilier 
crops, (trowing of paddy require- the levelling of land into terraces, wliorcas 
Sugar-dime and dry crops thrive better without the terraces. Hence the ryot is 
put to the extra t rouble of forming - nnd unfonning the terraces, at every alteration 
of crop with paddy. 

Thirdly, if was seen that n« a result of the Ridge Channel irrigation, most 
of the low lying areas in almost every block of land became too moist for. cane 
cultivation after a certain period. For want of proner slop" even a drainage 
system could not he laid out. to make Ihem dry enough for cultivation of cane 
or dry crops Such areas of land were however suitable for growing paddy year 
after year and therefore had subsequently to be laid out as permanent paddy 
blocks. 
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One notable feature in the Crop Rotation under this channel wa£ the intro- 
duction of two new crops «.e. Irrigated Cotton of medium staple Co, i, and 
' 1 Bangarakaddi n type of drought resisting summer paddy as summer . crops 
undo'* fcsemi Dry Block. . g it. f 

notation system proposed under the LakkavalU Reservoir > Mysore State , — 
Several improvements based on the experience gained under the Irym Canal have 
been incorporated in this system : — 

The procedure proposed to be adopted is as follows : — 

The entire area will be soil-surveyed and very heavy soils and very shallow 
ones, as also alkaline lands wall be demarcated end excluded from the system of 
irrigation. Area abound villages for 1 furlong to 2 furlongs width is eet apart 
for dry or Semi-irrigated crops year after year. Valley points rmd low lying 
lands which are difficult of drainage being unsuited for rotation are set apart 
permanently for paddy. Out of the balance, an extent of about l]6th the area 
in selected bits and distributed all over the tract is proposed to be devoted to 
perennial garden crops, like cocoanuts, plantains and fruit trees. 

After excluding all the above types of landflp the remaining area, of good land 
will be put in under the Rotation System. 

Since the area commanded is more than what can be irrigated with the avail- 
able supply, the cane and pnddy areas arc proposed to be cut down to only l|6tli 
of the area each by rotation, so that the intensity of heavy irrigation will work 
out to about 34 in 100. 



Typical crop rotations . — A few typical crop rotations to cover a cycle of 3 
years, ns contemplated under the Lakknvalli Reservoir Scheme arc noted below : 
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Iteia 7 . — The rotation of crops which give the best results in cm irrigation intensity 
from 35 to 70 acres out of 300 acres. 

Introductory note by A. D. Gulhati , I.S.E., M.l.E. (Ind.), Secretary^ Central 

Board of Irrigation. 


At the seventh meeting of the Central Board of Irrigation held in November, 
1936; two papers were presented one by Mr. M. R. Richardson, C.I.E., I.S.E., 
Chief Engineer, Irrigation Branch, tJ.P. and Die other by Mr. J. D. H. Bedford, 
I.S.E., Chief Engineer and Secretary to Government P.YT.D., Punjab. Irrigation 
Branch, Lahore, on the Subject “ Desirable intensity of irrigation indicated by 
scientific rotation of .crops affecting canal design and working Copies of these 
papers* are enclosed ns an Appendix to this note. 


Botli the notes were introductory in nature ,and were based on the experience 
gained in the U.P. and in the Punjab. Dr. W. Bum®, Technical Advisor to the 
Imperial Council of Agricultural Research, commenting on the first paper (from 
U.P.) remarked as follows : — 


“ The problem of a scientific rotation is one in which it is difficult to genera- - 
li%‘ since different provinces and different areas in the same province, 
require different rotations. A rotation is determined) in the .first 
instance by the needs of the soil and a fair amount of data regard^ 
mg different rotations both under rainfall and under irrigation is" 
available with the provincial departments of agriculture. Further 
work on these subjects is being done at the chain of sugarcane 
Research Stations financed by the Conncil of Agricultural Research. 
Hence it is essential for the Agricultural Scientist and the Irrigation 
research worker and engineer to collaborate closely in these questions 
of rotations and intensity of irrigation.". 

^ meeting referred to above general discussion took place on the possi- 
nlity of introducing any such rotation ns might be found suitable and- it was 
agieed that there was very little likelihood of such a rotation or intensity being 
adopted voluntarily by cultivators, and it was practically impossible to enforce 
* ■ (This view was probably based on experience in Northern India). After 
discussion, the following resolution was passed by the Bonrd : — 

Tt is resolved that, while, appreciating the benefits likely to bo derived 
by introducing scientific crop relations, this Board is of tlic opinion 
that the question raised nf atfeinplmg to enforce them must be 
entirely a Provincial one as it does not lend ihelf to general appli- 
cation.”. • 


The President of the. Board (Mr. M. R. Richardson) at its 1938 meeting, 
quo ed an instance m which the United Provinces Agricultural Department had 
proposed to investigate the problem of rotations in iirigated areas, but he found 
1 . their proposals would involve an intensity nf about 125 percent, which was 

an impossibility under samimlari cnmVtions. Tie sa>'d that one tiling, the ind- 
ention department wanted information on. w.»= that rotation which would give the 
best results m an intensity of 35 acres out of 100 acres in the cold weather. 

problem appears to have left for investigation by Agricultural Depart- 
doneln the r mtter S )Ut ' S ° &r ^ nown to ,,lc Boar ^i liiUe appears to have been 


99 andl09! nn1I ' V P ' ll ’ ,, ^ od in CBI P«*Koaiiop No. 14— Annual Report (Technical) 1035-39 pages 
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Thp Central Board of Irrigation is grateful for Hie opportunity afforded to 
discuss the problem in this Electing' of the Crops and Soil Wing and would request 
that information on the subject that is available be collected' and a programme of 
further action drawn up with a view to obtain reliable results applicable in differ- 
ent parts of the country. 


N. D. GULHATI, 
Secretary, 

Central Board of Irrigation, 


APPENDIX. 

/ 

JSote on “Desirable intensity of litigation indicated by scientific rotation of crops 

as affect in a canal design and uorlinq ” by Mr. M. JR. Richardson, C.I.E., 

I.S.E., Chief Engineer, It ligation, TlV.stci n Canals, United Provinces. 

This note is largely based on United Ti evinces experience and has been written 
to provide a basis for discussion of an important subject. 

2. Bv intensity is meant the ratio the area recorded ns irrigated in a year bears 
to the cult livable area commanded by a distributary or by an outlet ns tlm ense 
may be. 

3. Before seeking to determine the most Miitnble intensify to allow for it is 
first necessary to determine the hcM crop rotation. Unfortunately, so far, it has 
not bppn possible to make a rotation, ideally the best from an agricultural po’nt 
of view, fit in with market demand. For instance, cotton may be ideally suited 
to agricultural demands but there is little tiso in growing cotton which mnrkels will 
not buy at a reasonable price. 

The nunlity of the ‘oil and height of spring level are fnctms which influence 
intensilv .is does the supply of mnnute, at present unfortunately small, available 
to the cultivator. 

The nwilitv of the cultivator largely determines the not tin 1 intensity and is a 
factor over winch irrigation engineers have no control. A tract inhabited bv 
".Tats ” o-jves the iv>"' at 'on engineir a problem different to that pre^nted by a 
tract inhabited by “Ginni's”. 

The curse of fragmentation adversely interferes with tlip rotations used and 
so the intensities. 

The character of the normal rainfall will greatly affect intensities. 

Lnf.tlv. variations in weather conditions from rear to venr will grently alter 
the sire of the area irrigated and make a quantitative analysis of results impossible 
find a qualitative analysis difficult. 

To attain quick returns and limit capital expenditure an irrigation engineer 
mnv be tempted to aim at a very hMi intensity but the engineer, who desires (o 
do the n-enlest wood fn Tim «>ronfe-.t number n»d to obtain the maximum continuous 
output from Mie coil, win limit the inteuM<y bv limiting the water supply and hi 
so doing lie nill get in the lone run the best continuous return of revenue. 


* Aotwillv it was in ‘'Tiucli, 1017. flint the Central Board of Tirirntion rooiwstorl the T.A.C.R- 
to inoliidn in iho agenda oHlm mcelinr of number <-u1>ieeis of common interrnt to TmVnf inn 
Eusiiioers and Aprienltural nippers. lint onlv o«e anbiept— item 7 wan included and int'irv’tior, 
to this effect nna rorpivod bythoBonul only in February, 104?, Ri'v'np it little time to contriln te 
to tho diaeuBBton. 
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4. Boaiing' these points in mind, the question may now be studied in more 
detail. 

5. - The maximum intensity possible is obviously 200 and this is in fact obtain- 
able in x the case of outlets irrigating nothing but rose, a very profitable crop which 
justifies a free use of manure” but for which the market is very limited. 

If the area in question is a typically rice area, the permissible intensity is 100. 
The whole area can be under rice and will need and take water in Kharif but will 
neither need nor take water in rabi. Water supply in the rice season is gmple and 
the permissible in this case can also be actual. 

6. In areas suitable for the growing of sugar, Agricultural officers state that 
the best rotation in the absence of abundance of suitable manure is : — 


Year 

Is 

! 

t | 

Unci 

Urd 

i 

itl 

i 

fit) 

} 

Season 

Kharif 
ar Kabi 

Khnrif 

Rabi 

Kharif 

Rabi 

Kharif 

i 

j 

Rabi 

| 

j Kharif 

Rabi 

Kharif | 

Rabi 

Crop 

Sugar 

Sugar 

Fallow 

Wheat 

Fodtlrr 

Gmtn 

Fallow ! 

Fallow 

Sugar 

Sugar 


1 



t 

or 

Cotton | 

i 


t 


1 



Normally, gram does not need irrigation and cotton does and, therefore, when 
cotton can be grown, the best rotation requires an annual irrigation intensity of 
75 per cent, and of cropping 100 per cent, and of ‘ dofasli ’ area 25 per cent. 

dodder crops can be sown after the rains have broken and, therefore, in places 
where cotton does not flourish, the best rotation, strictly speaking, only requires 
an annual intensity of irrigation of 50 per cent, but if water is available for 
fodder crops, the annual intensity can be allowed to rise to 75 per cent, without 
objection always, provided) climate, soil jmd cullivalors are worthy of such treat- 
ment. In fact, a cultivator will find it impossible to maintain ns much as 25 per 
cent, of his holding under sugar unless he enn be sure of providing some cultivated 
fodder before the break of the rains. Itatooning of Coimbatore sugars sown nt 
the proper time is held now-a-days by officers of the Agricultural Department to 
be an uneconomic fnctor in Northern India, If the water supply is suitably 
limited, rntooning will not be. adopted to any very undesirable extent. In this 
matter the opinion of the Agricultural Department is changing from time to time 
and will very probably change ngnin. 


7. In non-sugar areas a suitable rotation is :■ 


Year 

1st 

2nd 

3rd 

Season, Kharif or Rabi 

1 

[ Rabi 

| Khnrif, 

Rabi 

/ 

Khnrif 

Rabi 

Khnrif 

Crop, Kliarif or Rabi 

f 

i 

Wheat 

! 

Cotton 

i 

Fallow 

Foildor 

Gram 

Fallow, 


In this case the annual intensity of irrigation need not exceed 66 per eont. if 
the rnins are kind and in no case 100 per cent. The cropping intensity is 133 per 
cent, and the 1 dofasli ’ percentage is 33. 
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i V. An annnal intensity of less than 20 per cent, is of little nse as famine 
j’ r.Wuori and the construction of a project providing for an annual intensity of- 
•h.o ih<va 20 per cent, oan seldom be justified administratively or financially. 

. S- Itu areas where, soring level is within 5 feet of the surface, the ideal inten- 
sity is nil. ' When spring level is more than 5 feet and less than 2p feet below the 
surface, great caution is necessary. * Intensities winch might be suitable for ordi- 
nary circumstances should seldom be allowed. 

10. In the United Provinces Manual of Professional Orders — 1028 Edition— 
it is stated- that the percentage of the area actually commanded by a channel usually 
‘••allowed for annual irrigation is 35 to 50 per cent, according to the nature of the 
soil and that in actual practice from 20 to 30 per cent, in the klmrif in villages 
of the Ganges- Jumna Doab. This statement is definitely incorrect as shown by 
the figures attached to this note (Statement of figures not included). In the 
design of the Sard a Canal provision was made for the irrigation in the rabi fasl 
of from 23 to 30 per cent, of the culturable area actually commanded, the lower 
percentage being taken for the poorer soils. Experience will probably prove that 
in some parts, at any rate, a higher intensity can be allowed and as the provision 
for losses was more than generous and demand comes very much later in the north 
of the doab than it does in the south and one watering there is usually ample for 
whqaty -there should be no difficulty in working to a higher intensity. 

s' 11. Whon the water supply available is insufficient, as is often the case in 
r tlie United Provinces,- the necessities . of good administration may require that 
water be spread) over a larger area than the requirements of the ideal crop rotation 
indicate as suitable even though thereby the capital cost of a canal system is made 
larger and the annual returns smaller than justifiable by pure economics. 

This examination shows that in areas suited to sugarcane, the area under 
sugarcane should not be allowed to exceed 25 per cent, of the holding, Hint the 
under sugar should equal the area under other kharifi and that the total area under 
sugar and other kharif should equal the area under rabi. 

12. A rough examination of actual intensities obtained on the canals of the 
United Provinces will now be briefly attempted. 

The market, would be swamped! and prices would slump and the crop would 
become unsaleable if cotton were grown on. the scale required for the rotation 
discussed in paragraphs G~7. We find, ns we ought to expect that the cotton 
area is much smaller than required for the rotations discussed. In the case of 
sugar areas an examination of outlet statistics of long established channels allows 
that prior to the sugar boom in tracts where the water supply was ample the com- 
mand was irrigated tis follows : — 

Rabi .. .. .. .. .. 39% 

Sugar .. .. “ .. .. .. .. .. 20% 

Other Kharif .. .. .. .. .. 13% 

Total Annual irrigation . , . . 78% 


At the present moment sugar tends more and more to encroach on both other 
ldiarif and rabi. The tendency appears to be due to mi unhealthy over sfcimu- 
j lation of the sugar industry. In the sugar areas cotton does not form a large 
V percentage of the Kharif crop but supplies being ample, cultivators sow fodder 
crops before, the rains. It would! appear that Kharif supplies eould be diverted 
to other areas with advantage and, in. fact, this has recently been done to the 
benefit or the Lower Ganges and Agra Canals. 

1»1 GIOAR 
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In no case is the area irrigated in rabi excessive. Wheal and its nllies form 
from 16 to 40 per cent, of the total rabi area. The percentage of wheat grown 
in not a few divisions is greater than is permissible in a scientific crop rotation. 
For this excess market prices and ignorance are both responsible but it* is note- 
worthy that the more skilled the cultivator the closer the percentage tends to ihi~ 
ideal. On the Lower Ganges and Agra Canals the irrigated rabi area is much less 
than a good rotation can tolerate. This is due in great part to the water_snpplies 
available being insufficient. The irrigated Klmrif area is also, and to"a more 
marked extent, below ideal requirements partly due to the shortage of water, but, 
to a certain extent, on account of the idiosyncrasies of the cultivators of those jjarts. 

18. A table is attached showing the percentages of various khnrif and rabi 
crops according to the rotations discussed and the discharges that would be required 
were these intensities allowed for. 

In tlie United Provinces, at any rate, water is never available nor are condi- 
tions suited for irrigation on the scale required for intensities A and B. 

Intensity C is both allowable and obtainable in some places. It would not bo 
advisable financially nor from an engineering point of view to design for an alter- 
nate khnrif discharge of 7.1 eusecs per thousand acres of command. In 'the 
United Provinces the difficulty of providing water for khnrif is overcome h> run- 
ning channels for which intensity (' is suitable on n more liberal roster than the 
others. 

In the United Provinces water is not available for intensity D and remarks 
on intensity C nro similarly applwab'o to intensity K which provides the basis of 
design. 

14. This note iq perhaps somewhat elementary but experience shows that 
irrigation engineers are com times over-optimist ie in their forecasts and apt to 
ignore the effect of crop rotation and it is lioped the note may help to focus 
attention on a point of view of importance which docs not always receive due 
attention. 
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A. of 1,000 acres, Rolf pins Sugar will be 7C0, alternate, duty 120, Uisdiarrc 0-2" : Umrif TOO duty 
TO, discharge 7*1. 

B. of 1,000 acre*. Ball pin* Soger will be 700, alternate, doty 120. discharge 0*20 ; kharif TOO. duty 
70, discharge 7-1. 

C. of 1,000 acres, Rabi plus Sugar will be COO, alternate, duty 120, discharge 5-50 ; khnrif COO, duty 
90, discharge 8*25. 

E. of 1,000 acres, Rabi w ill 1 e 330, alternate, duty 120, declmrge 2*75: klmrif 330 dntv SO, discharge 
4*12. 

T). and E. require 00 day* running Iwfore the break of the rnin«, 
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Note on “ Desirable intensity of irrigation indicated by scientific rotation . of 
crops as affecting canal design and working ' 3 , by Mr. J. D. H. Bedford, I.S.E., 
Chief Engineer and Secretary to Government, P.W.D., Punjab Irrigation 
Branch, Lahore. 


I would like to suggest another angle of approach to the subject. Consider 
the average holding of the cultivator and the trait of area proposed to be allotted 
to Crown Waste tenants. A zamindari family requires a minimum acreage of 
crop to be self supporting : knowing the average holding and the acrepge of crop 
required, wc have a reliable guide to the minimum intensity of cultivation required 
to make a canal prosperous. This is important in Crown Waste areas ; as a con- 
verse, the smaller the intensity of cultivation, the greater - the Crown. Waste area 
that must be given out as a unit to support a cultivator. Agricultural land has 
little value unless it produces orops, heuce the price of such land varies with the 
intensity of cultivation. All transactions, from the building of the canal to the 
cultivation of each small holding is largely governed by financial considerations 
and very cogent reasons arc necessary to justify the deliberate depressing of land 
values by artificial reductions in intensities. 

In what has been said above the term “intensity of cultivation ’ 1 and not 
intensity of h’rigation has been used. The zaniindar is primarily concerned with 
the area of crops that he can mature each year. It is of subsidiary importance 
to him whether the area is matured in rain or canal water. Hence it appears im- 
possible to lay down an optimum percentage of irrigation of general applicability. 
Rain, snow, and canal irrigated crops may be said to be complementary to each 
other. Where rainfall is so favourable that many crops enn be sown and matured 
in rain the percentage intensity of irrigation may be moderate. We have two 
examples of such areas in the Punjab of Western Jumna and Sirhind Canals, but 
'where rainfall is insufficient to grow any crops, the intensity of irrigation must 
be high as on the Lower Chenab Canal. The point being that on all these 3 canals 
the intensity of cultivation on the culturnble area remains the same. It has been 
urgued that because the percentages of irrigation on the Sirhind and Western 
Jumna Canals are 40 to 50 per cent.., therefore, the Pakpattan canal would flourish 
on 57 per cent, intensity of irrigation. It has not flourished nnd prices of lnnd 
are very depressed, because the rainfall on the Pakpattan area is insufficient to 
grow any class of crop while the rainfall on the Western Jumna nnd Sirhind is 
sufficient for many crops and the percentage of cultivation on these latter canals 
is in fact much higher than on the Pakpattan. 

The Punjab and India generally ip a land of small holdings, and in the Punjab 
wherever rain and canal water is favourable the whole cultivable area is sown 
each year, and even in areas where this has been going on for the best part of 
n century no deterioration has resulted : the cultivated area tends to rise. 

While it is probable tlml there is no such tiling os an optimum of irrigation 
of general applicability there may be an optimum percentage of cultivation, but 
in this land of small holdings such percentage is likely to be near 100 per cent. 
It seems, therefore, that one line of approaching Die subject is to accept the facts 
and to see how best the Agricultural Department and ourselves can graft on it a 
suitable system of rotation of crops. 

In the Punjab wo have not- got a purely rice canal nor is there any canal 
where sugarcane is the principal crop. Gi’nm is n crop usually grown on light 
sandy loams which arc unsuitable for Cotton and Sugarcane, and it is doubtful 
whether Gram and Sugarcane can be rotated. 
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The proposed rotation of Sugar, Wheat, Cotton and Gram suggests similar 
percentage of cultivation for such crops. In the Punjab the percentages are as 
given below - , 


Wheat 

Cotton 

Sugarcane 

Gram 


. . 25 per cent to 35 per cent. 

. . 20 per cent, to 25 per cent. 

. . 1 per cent, to 7 per cent. 

. . 5 per cent, to 15 per cent. 


In the United Provinces it seems that of recent years Sugarcane has become 
the principal irrigated crop, but this is not so in tile Punjab where the rainfall is 
small, the air less humid, and where irrigation water is not available for large - 
areas, of sugar •, Sugarcane also has not the same sucrose content as in the United 
Provinces hence the best scheme of rotation of crops in the United Provinces may 
not be the most suitable in the Punjab. 

Where the spring level is within 5 ft. of the surface, canals are never 
projected in the Punjab, but it docs happen in some restricted areas that in 
, course of time the subsoil water inses to within 5 ft. of the surface. In such 
cases it is impossible generally to cut off irrigation or even to curtail it drastically. 
If there arc salts in the soil they will rise to the surface and will tend to throw 
the Area out of cultivation and the only way to save that area is to wash the salts 
away and cultivate it regularly. If such an area has no salts, it is still necessary 
to supply canal water to allow the seedlings to take hold, while the subsoil water 
may be high enough to supply moisture to n grown crop it is generally insufficient 
to allow of a crop germinating. It is not a practical proposition to destroy the 
livelihood of cultivators in such aroas without compensation. 

With a genera] water table the subsoil water in nny such areas is not as a rule * 
controlled by the water put in the soil in that* area, but by the general subsoil 
water movements in the tract as a whole, and the rutting off of irrigation in restrict- 
ed preas, at least in the Punjab, docs not affect the water table, but ruins the land 
and the cultivators. It is, therefore, not possible to lay down any hard and fast 
rules governing the conditions under which canal water shall he given to any area. 
Each area must lie considered on it= own merits and no general conclusions "can be 
drawn a- to relative urgency of a water supply to competing areas on the data 
of subsoil water levels. It is to he remembered that a percentage of irrigation 
gives no clue to the canal water being supplied to the land because there is a big 
difference in the quantity of water required to mature different crops. 

In the Punjab no attempt is made to control the areas of a crop, hut such 
of these vary in accordance with two factors. 

(1) Price of out-turn. 

(2) Supply of water available nf the sowing period tempered by experience 
of water likely, to be available for maturing. The area of a crop varies from 
year to year with the water supply and varies over a period of years with the 
rise and fall of money value of the crop produce. 

. Hence at least in the Punjab for successful colonization the percentage of 
irrigation depends on the am of crop that can he grown on rainfall. Rice and 
sugarcane are not principal crops. The land is held on smnll holdings where 
a very big percentage of cultivation is necessary for contentment and the Agricul- 
tural and Canal Departments unite together to graft in a system of cultivation n 
rotation of crop most suitable to it. 
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For the use of members only. 


I.C.A.B., C. ((' S. Whig Meeting , April 1948. 

Subject No. VII. — The notation of Crops which will give the best results in fin 
Irrigated Intensity from 35 to 70 acres oat of 100 acres. 

'A REVIEW 

BY 

P. C. Rahoja, Agronomist, Indian Agricultural Research Institute, New Delhi. 

Lcncrul. — In canal irrigation the critical factor is the amount of Water avail- 
able for growing crops. The character of irrigation supply is also an important 
factor which determines the (lj types of crops and (2) area to be cropped with 
different crops such as area under food, "feed, fodder, horticultural and cash, crops. 
With adequate summer and winter supply the proportion of area under 'Kharif 
and llabi crops remains equal under arid conditions. Where, however, irrigation 
is available as a protective measure against drought, cash crops occupy a larger 
proportion of the area than is otherwise possible. Under irrigated conditions 
proper rotation of erops ensures financial stability of the fanner and productive 
stability of the land. 

In the Punjab out of a total irrigated area of 17,603 lakhs acres, Kharif and 
rabi areas respectively was 7,265 and 10,340 lakh acres, of this total the area irri- 
gated by Government canal is 12.5 million acres. This forms 70 per cent, of the 
gross irrigated area. Out of the remaining irrigated areas 26 per cent, is con- 
trolled by wells and 3 and 1 per cent, by private canals and other sources of irri- 
gation. Roberts and Sing (9 by comparing the cropping on Lower Bari Doab, 
Lower Chenab, Lower Jlielum and; Pakpaltan canals have shown that even under 
perennial irrigation the cropping varies a good deal. Prom the comparison they 
have concluded that the portion of crops in the cropping in any canal commended 
area varies with the proportion of irrigation supply available in summer and 
winter. It of course also depends upon the. texture of the land.. The principal 
grain and cash crops are wheat and cotton. The irrigated intensity on all these 
canals ranged about 70 per cent, of which wheat occupied 33, cotton 25.6, toria 
2.75, sugar cane 1.25 gram 2.7 and maize 2.9 -per cent, of the area. . The area 
under maize and sugarcane was limited, because of larger water requirement of 
these erops. Larger area under cotton also limited the increase undter maize and 
BUgarcane. The various rotations followed have been listed by them as under : — 

1. Wheat, Toria, Cotton — Three crops in three years. 

2. Wheat, toria, Cotton — Four crops in four years. 

3. Wheat, maize, Senji, Cotton — Four crops in three years. 

4. Maize, Senji, cotton — Three erops in two years. 

5. Wheat, maize, senji, sugar cane — Four crops in three years. 

6. Chari-}- Guam, gram, cotton — Three crops in two years. 

7. Wheat, cotton— Tv o crops in two years. 

?. Gram, Wheat — Two crops in two years. 

Except in rotations 4 and 6 in all other rotations wheat occupies a definite 
place. These two rotations arc less common. It is common knowledge that one 
rotation cannot cover the whole farm. Small supplv of manure usually limits the 
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area under maize and sugar cane. Cotton seldom follows- wheat. It occupies 
area after fallow, senji gram or ioria. When it follows the last crop farm yard 
manure is applied to the crop. • The whole system in the main is adopted to suit 
the water supply from the canal. The local climate and the relative profitable- 
ness of the various crops have a secondary influence only. No farm can be 
effectively managed on a one-cultivated- crop basis and yet the cropping by way 
of rotation is largely determined fay the effect various oropB have on the production 
of wheat crop in the Government canal areas. 


In Madras Presidency about 7.7 million acres in 1941-42 were under irriga- 
tion, which formed 21.18 per cent, of the net area sown. In various tracts of the 
Presidency different systems of cropping are practised depending upon the type 
of soil an\ the nature of rainfall. In drier areas the principal crops are millets, 
sorghum, and cotton (5). In wetter areas paddy occupies a prominent position. 
The rotations for the dry land areas altogether differ from those of wet or garden 
lands. Canal irrigation is in Vogue in Sarda river tract, Godavari deltas, Kistna 
delta, Cuvery-Mcttnr project area, Pcrivcr Vnllcy project system, Tambra pami 
valley irrigation supply area and west coast inundation systejn (5 and 8). The 
intensity of the irrigated area to the total is nowhere loss than 100 per cent. The 
rotations with rice and ragi in the different tracts are ns under : — 


A. Ganjam Irrigated tracts — 

1 . Ragi . Satin hemp, rice — Three crops in one year (or Gogu for fibre) . 

2. liagi, Rice, Green gram or black gram — Three crops in one year. (Sown 

in standing crop of rice). 

3. Rico, Gingelly, Rice — Two crops in two years. 

B. Vizagapaiam Irrigated tract — 

2. Ragi, rice, Gingelly-— Three crops in one yo.iT. 

2. Cumbii or maize or jute, Rice, Ragi Gingelly or onions — Fonr crops in 
two years. 

.1. Ragi, Rice. Gingelly and Indigo— Three crops in one year. (Indigo i= 
cither green manured or used for dye production). 

4. Sugar enno, Rice, Rice — Three crops in three years. 

5. Rice, Vegetables — Two crops in one year. The area suited to No. 4, and 

5 rotations is limited, 

C. Western , Central and Eastern deltas of Godavari — 

L Rice, Sann hemp, Fallow — Two crops in one venr or Gingelly. 

2. Rice, Sann hemp, Sugar cane — Three crops in two years sugar cane is 

important crop in the Eastern delta only. 

D. Eastern and Western Deltas of Kistna river — 

1. Rice, 1 Sunn hemp (Fodder) — Fallow — Two crops in one year. 1 Black 
gram or Green gram (Grain). 

E. Chingleput, South and North Arcot Districts — 

1. Rice follows Rice on heavy lands — One crop a year. 

' 2. Cotton or Chdlom or tobacco or Cumbu. Rice. Ragi or GingeBy — Three 
crops in two years*. 

3. Sugar cane, Rice, Rice — Three crops in three years. 
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' F. Cuvery-Mettur project Iniut ■ ~ 

1. Rice, Fallow— One crop a year. 

2. Rice, Green or black gram -f- Indigo mixed — Two crops in one year. 

3. Plantain or Sugar Cane, Rice, Rice — Five crops in five years. (Three 

years). 

G. Periyer Valley — 

1. Rice, Fallow' — One crop in a year. 

2. Rice, Green or black gram — Two crops In a year. 

H. Tambraparni Valley — 

]. Rice, 3 Black or Green gram — Two eropa a year. 

A Gingelly. 

2. Rice, Field beans, Cholnin — Three evops in two years. 

3. ITVst Coast . — The water supply in South Knnnra is more copious than in 
Malabar. The rotation practised is ns under : — 

Rico, i Green or Black gram — Two crops in one year. 
i Gingelly. 

From the above it will be observed that most of the irrigated area rotations 
in Madras Presidency contain rice as one of the crops. 

In Bombay Presidency irrigation is practised to a limited- extent in the 
Deeenn Canal tracts. The rotations followed are : — 

]. Bajnri, Potntocs — Two crops in one year. 

2. Bajari, Chillies — Two crops in a year. 

3. Bajnri, Groundnut — Two crops in a year. 

4. Sugar cane, Sugar cane, Sugar enno, Bajnri, Snnn hemp (Plant Crop) 

(Ratoon) (Ratoon) — Five crops in four years. 

. r >. Bajnri, Tobacco — Two crops in one year. 

The Iasi rotation is practised on Bhntta soils (6). 

Til Central Provinces and Bcrnr 810,000 neres are under irrigation. The irri- 
gated crops are cotton and rice. Some of the important rotation practices are : — 

1. Millets, cotton, groundnut, cotton — Four crops in two years. 

2. Pulses, Cotton, Colton — Throe crops in two veal’s. 

* 

3. Tobacco, 1 Bnjra, Groundnut — Three crops in two years.’ 

I Pulses. 

4. Cotton, ) Bnjra nnd $ Pulses — Wheat — Three crops in two vears. 

5. Rice, Gram, Rice — Three ’crops in two years. 

The first four rotations are followed on high lands.' The last one is the most 
common rotation on lowlands where water supply available more abundant. The 
irrigated intensity in nil eases, therefore, exceeds 100 per cent. 

The irrigated area of the crops in Bihar exceeds 718,000 acres. Most of it 
exists in South Bihar where roils have nlnyey texture. The irrigated crops are 
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wlicnt, cotton, sugar cam; suul rice. fn North Bihar protective irrigation is pro- 
vided for rice only. The rotations commonly practised arc ns under : — 

Lo w land arias. 

» % 

1. Paddy, Mung, Jo war — Three crops in two years. 

2. Paddy, Fallow, Jownr — Two crops in two yeora. > 

'Medium lon> lands. 

3. .Tnte, Khesnri— Two crops in one year. 

4. Jute, Peas — Two crops in. one year. 

5. Paddy, i Peas -]- t Khesnri — Two crops in one year. 

TIigh lands. 

(>. Paddy, Wheat, Maize, Gram — -Four crops in two years. 

7. Maize, } Barley -}- 1 Peas — Two crops in one year. 

8. Maize, Fallow, Arhar — Two crops in two year-, 

ii. Evidently rotations followed on irrigated lands have included in them crops 
more than one in p year. The intensity in no ease is less than 100 per cent, of 
the commanded area. The minfnIL of North Bihar tract exceeds 40 indie-, and 
that of South Bihar ranges between 30 and 40 inches per annum. The North 
Bihar soils being highly retentive of soil moisture the crops in the non-monsoon 
period do not require irrigation in the Jlahi season. 

The total irrigated area in Bengal is about 245,000 acres which is 0.S per 
cent, of the cultivated area in the Province. Irrigation is supplied to sugar cane, 
vegetables and sometimes, to winter paddy. The rotations (JO) adopted are 

1. Aiis paddy. Potato, Sugarcane (Plant). Sugar cane (Ration). Arlinr— - 

.Five crop? in four year-'. 

?. Aus paddy. Gram. Sugamuie (Plant), Sugarcane (Ratoon), encumber 
Five crops in four years. 

3. Jute, Potato, Turmeric, Gram — Four crops in two years. 

4. Aus pnddy, fallow, sugarcane, sugarcane (Ratoon) — Three crop- in one 

year. 

All these rotations Imvc cropping intensity of over 100 per cent. PuNc crops 
included in the rotations do not receive any irrigation. 

In the United Provinces about 17 per eent. of the area is supplied with irri- 
gation faeilities. The extent of irrigated area exceeds 0 million acres. Om nf 
this 4.5 million acres are commanded In canals. The irrigated crop- are rice, 
wheat, sugarcane, cotton, maize and . Toicar . In mo-t eases irrigation Mipplcments 
(he rains rereived during the monsoon and the winter seasons. The rotations of 
crops followed nro : — 

J. Bonn hemp, wheat, rotton, pens — Four m op- in two vnr\ 

2. Fallow*, sugarenne, fallow*, wheat — Two crops in two years. 

T Maize, grant or pea* — fallow, wheat— Three crop? in two years. 

4 Maize, linseed, groundnut, wheat— Four crops in two years. 

•5. Groundnut, sugarcane, -ugarenno (Ratoon), fallow, wheat — Four crops 
in three years. 

.0. Paddy, i Fallow -j- 5 Gram o>- Pens — Rice —Throe crops in two year-. 

„ 7. . Maize. Peas, Cotton, Ber-ocm — Four erops in two vent's. 

8, Maize, Potatoes, Tobacco — Three crops in two yonrp. 
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Ifc-is evident that 011 irrigated > lands, the cropping intensity, ranges between 
|^S65>and 200 -per- cent, of the commanded area. • iiice ian«..s are usually low, .lands. 
They -bear two -crops in a year. -The winter crop nofc.unoflen is a pulse. crop so 
that their fertility is kept maintained. .On high lands sugar. . cane, • nrnize ana 
wheat receive irrigation. In Furrukhabad potatoes and tobacco also find a , -place 
along with maize on a limited area. All. those' crops require irrigation for their 
successful cultivation. 

• In America experiments on the rotation of crops under irrigation conditions, 
without any regards of the irrigated intensity of cropping. have .been reported 
' from Huntley Field Station .Montana, Belle Fourehe Field Station, Newell, South 
Dakota, and Scots Bluff Field Station, Mitchell, Nobrasks (2, 3, and 4). The 
crops under study -were sugar -heels, potatoes, -oats, wheat, corn, -flax, -field beans 
and alfalfa. The chief objective was to determine the rotations and cropping 
methods best suited to maintaining and improving land productivity under irri- 
gated conditions. In all .42 different cropping systems were put, .under test 
Continuously (manured - and unmanured) cropped series were compared against 
2 years, 3 years, 4 years and 6 years rotations. The last two rotations had alfalfa 
and sweat clover included in them. Twcntyfour years records • have led the 
workers to conclude as under : — 

L The high net returns were obtained from rotations featuring .sugar beets 
and potatoes ; 

2. Application of farm yard manure increased the value, of.net returns ; 

3. -In alfialfa -rotations sngar beet yields were higher than without it ; and 

4. All continuously crapped .plots and all the untreated .simple rotations 

were unprofitable. ‘ ‘ 

Chen and Arny (1) have reported similar results from the Agricultural 
Experiment Station, Minnesota. McKanzie Taylor (11) has shown- that in' Egypt 
with a change over from basin to perennial irrigation, a great change in cropping 
has been brought about. . Instead of rabi crops alone under perennial irrigation 
Jxharif crops such as Maize and cotton, besides a larger area under berseem, 
follow the re oi crops of wheat, berseem and beans. Comparing the place of legumes 
in the Punjab as against Egypt Roberts and Kartar Singh (9) have shown that 
in the canal colonies of llie Punjab only 11 per cent, of the cropped area is put 
under the legumes. Tn Egypt 28 per cent, of the total cropped area is occupied ’ 
by the legumes. This difference ns McKanzie Taylor (5) pointed out, contri- 
butes to high yield of Maize and cotton crops in Egypt. Besides, about 169 per 
cent, average intensity of cropping is attained thore as compared to 70 per cent, 
in the canal irrigated areas of the Punjab. 

Conclusions . 

From the above review of the rotations of crops and the irrigated intensity 
Of cropping in the different provinces it is evident that except in the Punjab no- 
where else the irrigated cropping intensity is less than 100 per cent. In the 
Punjab in the old canal colonies the cultivator aims at one crop a year. He is 
not satisfied with less than that. In the new canal system, Sutlej Valley Project,- 
operating in Bikaner State and Fcrozepur district the intensity of cropping, 
attained is less than 35 per cent. The main crops grown are jowar and wheat 
or barley. Very little area is put under tlje legumes as major portion of the 
area (over 60 per cent.) remains fallow. This seldom owing to scarcity of fodder, 
can be kept cultivated and is subject to wind erosion. It is under such condi- 
tions that experimental work on rotations of crops from the point of view of the 
maintenance of soil fertility, conservation of soil and better utilization of -irrigation 
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supplies is urgently called for. In other irrigated areas experimental work on 
rotations shonld bo systematised and 1 oeonomica or rotations now in vogue rusd 
the new ones proposed may bo worked out. Tins long range work may be taken 
up at some of tho Research Station whero facilities for such work cun bo made 
available. , 
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